
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



) 



%: 



THE 



PpNCIPLES AND PBACTICE 
OF ARITHMETIC, 

coupRxsiiro 

THE NATURE AND USE OF LOGARITHMS. WITH THE 

COMPUTATIONS EMPLOYED BY ARTIFICERS, 

GAGERS, AND LAND^URVEYORS, 

DESIGNED FOR THE USE OF STUDENTS. 



JOHN HIND, M.A. F.C.P.S. F.R.A.S. 

LATB flLLOW AVO TUTO& Of 8IDHBT 8U8BXX COLLBOS, 
CAXJUU]>Oa. 



EIGHTH EDITION. 



Wi^ a |[efar %ffttiAt of ^mUmatm ^mntism. 



CAMBRIDGE : DEIGHTON, BELL AND* CO. 
LONDON: BELL AND DALDY. 



^ 




L 



ADYERTISEMENT. 



In the present Treatise it has been the Author*^ 
endeavour to combine what is necessary of the 
Philosophy of the Science of Arithmetic with the 
Practice of the Art of Numbers ; and it is here 
considered sufficient to place before the student an 
outline of the plan which has been adopted in the 
arrangement, with a short account of the more im- 
portant divisions. 

The first Chapter commences wifli: the elemen- 
tary Definitions ; it then proceeds to the explana- 
tion of Notation and Numeration^ which are both 
exemplified in a great variety of instances; and 
concludes with the consideration of the Funda- 
mental Operations of the Science as applied to pure 
or abstract numerical magnitudes. 

In the second Chapter, the Fundamental Opera- 
tions have been extended to mixed or concrete numeri- 
cal magnitudes, consisting of various d<^ii!c>k\fixska^^^^ 
and some important remarka ate yqXxq^xxs.^^* 
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The third Chapter treats of the First Principles 
of The Bute of Three, sometimes called The Golden 
Bule; and comprises a collection of examples in- 
tended to illustrate its different views. 

The fourth Chapter contains The Doctrine of 
Fractions^ usually termed Vulgar Fractions ; and con- 
cludes with many of their applications to practical 
purposes. 

The fifth Chapter developes The Theory of 
Decimals, commonly called Decimal Fractions; and 
points out most of the uses to which Decimals are 
peculiarly adapted. 

In the sixth Chapter are discussed the Doc- 
trines oi Ratio and Proportion, from the Principles 
of which are deduced all the Rules of consequence 
in the affaurs of Commerce; and it concludes with 
the solution of a few miscellaneous questions, ex- 
plaining some technical terms. 

The seventh Chapter contains the Practice of 
Involution and Evolution, with The ArithmMic of 
Surds or Irrational Quantities. 

The object of the eighth Chapter is The Nature 
and Properties of Logarithms derived from the 
simplest principles; and the practical advantages 
afforded by Logarithmic Tables are pointed out in 
appropriate examples. 

The ninth Chapter is The Application of Arith- 
metic to Geometry: and the Calculations of Artifi- 
cers, Gagers, and Land-Surveyors, are explained and 
exemplified in it. 



ADVERTISEMENT. 



In this Chapter will also be found an account 
of the Imperial Weights and Measures^ and their 
origin and relation to each other; as well as of the 
Calendar adopted in the time of Julim Coesar^ and 
its subsequent improvement in the time of Pope 
Gregory the Thirteenth^ with the requisite Calcu- 
lations worked out. 

The rest is an Appendix, in which the Fun- 
damental Rules have been derived from Elementary 
Principles^ upon the extension of which the present 
system of Arithmetic is established. 

Throughout the work, it has been attempted to 
trace the source of every Rule which is given, and to 
investigate the reasons upon which it is founded: 
and by means of particular examples comprising 
nothing but what is common to every other example 
of the same kind^ to attain in Arithmetic the kind of 
evidence which is relied upon in Geometry, or in any 
other demonstrative Science. 

Single and Double Position are omitted, as most 
of the examples usually given to illustrate these 
rules, may be solved by the principles here explained, 
not to mention that they are merely Algebraical For- 
miike enunciated at length. 

No notice has been taken of Arithmetical and 
Geometrical Progression^ of Permutations and Com^ 
linations^ and of Annuities and Reversions^ because 
they depend upon Formulce expressed by general 
symbols, which the student would find a difiiculty 
in making use of, without at least a knowledge of 
the Notation and Fundamental Operatiom <si Al^^Wa, 
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in addition to which, they seldom occur to any one 
who is not engaged in Scientific Speculations, or in 
Professional Calculations. 

A Second Appendix of Miscellaneous Questions, 
(many of which have beeu taken from the Examina- 
tion Papers given in the University during the last 
few years) has been added to the present edition of 
this work, which the Author considers will conduce 
greatly to its practical utility, especially for those who 
are intended for mercantile pursuits. 



Cambbiboe, 

January, 1856. 
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TABLES 

OP 

MONEY, WEIGHTS AND MEASURES, 

WITH SOME OBSERVATIONS RESPECTING THEM. 



I. Table op Money or Value. 
A Farthing is written or marked \d. 

2 Farthings are . 1 Halfpenny ^d. 

4 Farthings ... 1 Penny Id. 

12 Pence 1 Shilling 1*. 

20 Shillings. ... 1 Pound £l. 

Money as expressed by means of these denominations 
is called Sterling money, in order to distinguish it from 
Slocks, Shares, &c. 

The Standard gold coin of this Kingdom is made of 
a metal consisting of 22 parts of pure gold, and 2 parts 
*of copper. The Pound sterling is represented by a gold 
coin called a Sovereign, and from a pound troy of stand- 
ard gold are coined 46 J^ sovereigns, so that the weight 
of each is 5dwts. SJ^Jgrs., or 123.274grs.; and the vdue. 
of gold of the Mint- Fineness, called 22 Carat gold, is 
£3. 17^. lO^d. per ounce. 

The Standard silver coin consists of 37 parts of piire 
silver, and 3 parts of copper : and a pound troy of this 
metal furnishes 66 shillings, so that the weight of a 
shilling is 3dwts. 15^grs., and the Mint-Price of stand- 
ard silver is 5s. 6d, per ounce. The silver coinage is - 
not a legal tender for more than 40^., the gold coinage 
being the general standard of value. 

In the Copper Coinage, 24 pence are made from an 
avoirdupois pound of copper, so that a penny should 
weigh lOfdrs. avoirdupois, or 291fgrs. troy: and this 
coin is not a legal tiender for more than 12 d, 

A Farthing, or 1/., is the lowest dexvo\mTva.<\o\v^<s^'5^ 
mentioned: but farthings and a\\ olYvex a\3\i^vm\oxi^ Q?t ^ 
penny are in practice, denoted by Fractions o^ ^ ^e««K^ * 



X TABLES OF WEIGHTB. 

The Coins now current are the following, constituting 
what is called The Circulating Medium,^ 

Copper, 
A Half-farthing . . . ^f. = ^d. 

A Farthing ^f'^^d. 

A Half-penny ... . 2/. = id. 
A Penny . 4/. = Idl 

Silver. 

M. d, 

A Fourpence = 0.4. 

A Sixpence « o . 6. 

A Shilling = 1.0. 

A Half-Crown .... = 2.6. 
A Crown « 5 . a 

Gold. 

£. #. 
A Half-sovereign . . = . 10. 

A Sovereign = 1 . 0. 

A Double-sovereign. = 2.0. 
The following coins, no longer in circulation, are 
frequently mentioned, and their values are subjoined. 

£. M. d, £. #. d. 



A Groat . . . = . 0.4. 
A Tester . . , = o . 0.6. 
A (Juinea . . = 1 . 1.0. 
A Half.guinea^ . 10 . 6. 
A Noble . . . = . 6.8. 



An Angel . . = . 10 . 0. 
A Mark ...=0.13.4. 
A Carolus . . = 1 . 3.0. 
A Jacobus . . = I . 5.0. 
A Moidore . . = 1 . 7.0. 



II. Table op Avoirdupois Weight. 
A Dram is written 1 dr. 

l6 Drams are 1 Ounce 1 oz. 

16 Ounces 1 Pound 1 lb. 

14 Pounds 1 Stone .* 1 st. 

2 Stone or 28lbs 1 Quarter 1 qr. 

4 Quarters or 112lbs ... 1 Hundredweight. 1 cwt. 

20 Hundredweight 1 Ton ..1 ton. 



TABLES OP WEIGHTS. XI 

A Firkin of Butter is 4 stone or 561bs.; a Fodder of 
Lead is IQ^cwt. : and several sorts of Silk are sometimes 
weip:hed by what is called a great pound of 24 ounces. ' 

By this table are computed the weights of all sub- 
stances which constitute the Necessaries of Life and the 
Objects of Commerce, with all Metals, except Gold^ 
Silver and some Precious Stones. See Article (223). 



Wool Weight. 




7 Pounds are . 1 Clove . . 


. 1 cl. 


2 Cloves. ... 1 Stone . . 


. 1 St. 


2 Stone .... 1 Tod . . . 


. 1 tod. 


6i Tods .... 1 Wey . . 


. 1 wey. 


2 Weys .... 1 Sack. . . 


. 1 sack. 


12 Sacks .... 1 Last . . . 


. 1 last 


240 Pounds ... 1 P^ck . . 


. 1 pack. 



in. Table op Troy Weight. 
A Grain is written 1 gr. 
24 Grains are ... 1 Pennyweight ... 1 dwt. 

20 Pennyweights . 1 Ounce 1 oz. 

12 Ounces 1 Pound ....... 1 lb. 

This weight is applied to gold, silver, common jewels, 
liquors, &c. : and is used in Philosophical Experiments. 

The weights of the more valuable precious stones are 
estimated by the Carat of S\ grains Troy, the carat being 
divided into Ai grains, each of which is therefore equal 
to ^ of a grain "Troy. See Article (224). 

Apothecaries' Weight. 

20 Grains are . . 1 Scruple ... 1 scr. or 1 Q. 

S Scruples ... 1 Dram .... 1 dr. or 1 3. 

8 Drams .... 1 Ounce .... 1 oz. or 1 J. 
12 Ounces. ... 1 Pound . ... 1 lb. or 1 ib. 

These subdivisions are employed by Apothecaries in 
making up Medical Prescriptions, in which the latter 
Symbols are used ; and the pound, ounce, and (^roiw ^x^ 
the same as in Troy-weight. See ATtvc\e (^%^» 



XIL TABLES OF MEASURES. 

IV. Table of Lineal Measure. 
An Inch is written 1 in. 
12 Inches are 1 Foot ... 1 ft. 

3 Feet 1 Yard. . . 1 yd. 

5J Yards 1 Pole . . . 1 po. 

4 Poles or 22 yds 1 Chain . . 1 ch. 

40 Poles or 220 yds .... 1 Furlong . 1 fur. 

8 Furlongs or 176O yds. . 1 Mile ... 1 mi. 

By this measure are estimated the lineal dimensions 
of all magnitudes^ with the exception mentioned below. 
See Article (221). 

Cloth Measure. 
4 Nails are .... 1 Quarter . . . . 1 qr. 
4 Quarters .... 1 Yard 1 yd. 

This measure is used for all kinds of Cloth : and a 
Nail, being a sixteenth part of 1 yard or of 36 inches, is 
therefore equal to 2^ inches. An Ell is 5 quarters in 
England, but the Flemish and French Ells are nearly 
equal to 3 and 6 English quarters respectively. 

To these the following table may be annexed, ex- 
hibiting the magnitudes of certain measures frequently 
mentioned in books, or used on particular occasions. 

A Line is ^ Inch, 

A Barleycorn ^ Inch. 

A Palm 3 Inches. 

A Hand 4 Inches. 

A Span 9 Inches. 

A Cubit. 18 Inches. 

A Pace 5 Feet. 

A Fathom 6 Feet. 

A Rod or Perch 5^ Yards. 

A League 3 Miles. 

A Geographical Degree . 69 J Miles. 

A Link, being a hundredth part of a Chain, is 7f J 
inches ; and a Geographical Mile is a sixtieth part of a 
Geographical Degree. 



TABLES OF MEASURES. Xlll 

A Barleycorn or Grain of Barley is supposed to have 
been the original Element of Lineal Measure, in the same 
manner as a Grain of Wheat is said to have given rise to 
the name of the Element of Weight. ^ 

V. Table op Superficial Measure. 

A Square Inch is written 1 sq. in. or 1 in. 

144 Square Inches are 1 Square Foot . 1 sq. ft or 1 ft. 

9 Square Feet ... 1 Square Yard . 1 sq. yd. or 1 yd. 

30^ Square Yards . • 1 Square Pole . 1 sq. po. or 1 po. 

A Square Rod of 9,19,^ square feet is used in estimating • 
Bricklayers' work : and a Square of Flooring, -Roofing, 
&c., is 100 square feet See Article' (203), &c. 

Land Measure. 

40 Poles are 1 Rood . . . . 1 ro. 
4 Roods . . 1 Acre . . . . 1 ac. 
Also, 1210 sq. yds., or 25000 sq. links = 1 Rood: 
4840 sq. yds., or 100000 sq. links «= 1 Acre. 

A Yard of land, and a Hide of land, terms often used 
in former times, are generally supposed to have been 
equivalent to SO acres and 100 acres respectively, of the 
modem admeasurement. See Article (219). 

VI. Table op Solid Measure. 

A Cubic Inch is written 1 cu. in. or 1 in. 
1728 Cubic Inches are 1 Cubic Foot ..1ft. 
27 Cubic Feet ... 1 Cubic Yard . 1 yd. 

A Load of rough timber is 40 cubic feet; a Load of^ 
squared timber is 50 cubic feet ; and a Ton of Shipping is 
42 cubic feet. See Article (208), &c. 

VII. Table op Measure of Capacity. 
A Gill is written 1 gil. 
4 Gills are 1 Pint . . . 1 pt. 
2 Pints . . 1 Quart . . 1 qt 
4 Quarts . 1 Gallon . . 1 gal« 
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By this measure liquids, corn^ seeds, lime, &c., are 
estimated according to the multiples in the following 
Tables. See Article (222). 

Ale and Beer Msi^suRE. 

9 Gallons are 1 Firkin .... 1 fir. 

2 Firkins or- 18 gals 1 Kilderkin . . 1 kil. 

2 Kilderkins or 36 gals. . . 1 Barrel .... 1 bar. 
1^ Barrels or 54 gals. ... 1 Hogshead . . 1 hhd. 

2 Hogsheads 1 Butt 1 butt. 

2 Butts 1 Tun 1 tun. 

Wine and Spirit Measure. 
10 Gallons are ... 1 Anker .... 1 ank. 

18 Gallons 1 Runlet .... 1 run. 

42 Gallons 1 Tierce .... 1 tier. 

2 Tierces 1 Puncheon . . 1 pun. 

63 Gallons 1 Hogshead . . 1 hhd. 

2 Hogsheads ... 1 Pipe 1 pipe. 

2 Pipes 1 Tun 1 tun. 

Corn and Seed Measure. 

2 Quarts are 1 Pottle ... 1 pot. 

2 Pottles 1 Gallon ... I gal. 

2 Gallons 1 Peck . . . . 1 pk. 

4 Pecks 1 Bushel ... I bush. 

2 Bushels 1 Strike ... 1 str. 

2 Strikes or 4 Bushels. ... 1 Coomb ... 1 coomb. 

2 Coombs or 8 Bushels ... 1 Quarter . . 1 qr. 

5 Quarters or 40 Bushels . . 1 Load ... 1 load. 
2 Loads or 10 Quartel-s ... 1 Last .... 1 last. 

A Sack of Flour is a quantity which weighs 20 stone 
or 280lbs.^ and it is generally about 5 Imperial Bushels. 
See Article (222). 

Coal Measure. 
4 Pecks are ... 1 BusheL 
3 Bushels .... I Sack. 
36 Bushels .... 1 Chaldron. 
21 Chaldrons ... 1 Score. 



TABLBft OF MEA6UBES. XV 

This table is of little use, as Coals are now sold by 
veight. See Article (222). 



VIII. Table of Measure of Time. 

A Second is written 1 sec. or 1". 

60 Seconds are . • 1 Minute . . 1 min. or T. 

60 Minutes 1 Hour. . . . I hr. 

24 Hours 1 Day .... 1 day. 

7 Days 1 Week ... 1 wk. 

On some occasions 28 days^ which' is nearly a Lunar 
Month,^ are called a Month : and a common year consists 
of 12 Calendar Months: or of 12 Average Months of 
.SQ^^days, nearly : or of 365 days^ 6 hours : or of 52 weeks, 
1 day, 6 hours: or of 13 lunar months, 1 day, 6 hours, 
nearly : the odd day and hours being omitted in practice: 
and the numbers of days in the Calendar Months are 
recollected by means of the following lines. 

Thirty days have September, 

April, June and November : 

February twenty -eight alone: 
And all the rest have thirty-^ne; 
Except in Leap-year, and then is the time. 
When February's days are twenty-nine. 

For the History of the Calendar, see Article (227), &c. 



IX. Table of Angular Measure. 
A Second is written 1 sec. or l". 

60 Seconds are 1 Minute 1 min. or 1'. 

60 Minutes ... 1 Degr^ 1 deg. or 1^ 

90 Degrees ... 1 Right Angle . 1 rt ang. or gO^. 

There are also denominations below seconds, called 
thirds, fourths, &c., each being one sixtieth part of that 
which precedes it; but thpy are generally expressed deci- 
malltf as parts of a Second. See Article (^SL^^^. 



XVI TABLE OP NUMBER, ETC. 

X. Table of Number^ &c. 

12 Units are 1 Dozen. 

12 Dozen 1 Gross. 

20 Units 1 Score. 

24 Sheets of Paper ... 1 Quire. 
20 Quires 1 Ream. 

2 Reams 1 Bundle. 

5 Bundles 1 Bale. 

A long hundred is 120; a great gross is 144 dozen: 
but these^ and many other denominations of a similar 
kind, are rapidly going out of use. 

The Student will consult his own advantage and 
convenience by committing these ten tables to me" 
mory^ omitting such of the observations as may depend 
upon principles beyond the extent of his progress in the 
subject. 
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CHAPTER I. 



DEFINITIONS^ FRELIHINART NOTIONS, NOTATION, NUMERATION, 
AND FUNDAMENTAL OPERATIONS. 



ARTICLE I. DEFINITION I. 

Arithmetic is the Science which treats of magnitudes, 
with reference to the consideration of how many or haw 
few. 

2. Def. 2. An Unity or, as it is generally called. 
Unity, is the representation of a thing considered in its 
individual capacity, without regard to uie parts of which 
it may be made up, and it is &e Base or Element of all 
arithmetical computations. 

Thus, each of the terms, a man, a house, a pound, 
&c., denotes one individual of its kind, being the same 
as one man, one house, one pound, &c., respectively ; and 
these are the bases or elements by means of which 
several men, several houses, several pounds, &&, may be 
computed. 

3. Def. 3. Number signifies a multitude or collec- 
tion of two or more units, or denotes an assemblage of 
two or more distinct objects of the same kind. 

Thus, two raexiy <Arce houses, yb«r pounds, &c., which 
are represented by the numbers, two, three, four, Sfc. 
denote more than one individual of the same kind, the 
single individuals being repeated twice^ thrice, four 
times, ^c, respectively. Numbers thus viewed are 
termed Whole Numbers or Integers; and for the sake of 
uniformity, the Unit is considered the first or lea&t 
mteger. 
^ H. ^ ^ 



2 NOTATION OF INTEGERS. 

4. Def. 4. Numbers used to express one or more 
individuals of specified kinds, are called applicate or 
concrete numbers; whereas itvo, three. Jour, ^c, by 
themselves, not particularizing the kinds of individuals, 
are termed abstract numbers. 

NOTATION. 

5. Def. 1. Notation is the method of expressing 
by certain symbols, or characters, any proposed number, 
or quantity arithmetically considered. 

6. Def. 2. The Symbol or Representative of unit 
or unity, is 1 ; but instead of other numbers being ex- 
pressed by assemblages or multitudes of units placed 
together, which would soon become embarrassing, other 
characters or symbols have been invented, by means of 
which every number however great, may be expressed ; 
and instead of a different symbol being adopted for every 
different number, which would soon become equally 
inconvenient, all numbers are expressed by means of 
the following ten symbols, or as they are usually termed 
Figures, and sometimes Digits^ which have their names 
respectively annexed : 

1, 2, 3, 4, 5, 6, 7, 8, 9, 0: 

one, two, three, four, five, six, seven, eight, nine, aero: 

the first nine of which are all defined by their names ; 
and the last which is variously denominated Nought^ 
Cipher^ or Zero, when standing by itself has no significa- 
tion, or at most, denotes the absence of number, and is 
to be regarded merely as an auxiliary digit, for the pur- 
poses hereafter to be explained. 

7. Def. S. Whenever a figure is placed on the 
right of the same or any other figure, it has, by universal 
agreement, the effect of increasing the value of the last^ 
mentioned figure tenfold, at the same time that it retains 
its own value. 

Thus, beginning with the auxiliary digit 0, we have 
the following numbers and their representations : 

10, 11, 

ten, eleven, 

20, 

twenty, 



12, 


13, 


14, 


&C. 


twelTe, 


thirteen. 


fourteen. 


*& 


21. 


22, 


&C. 




twenty-one. 


twenty-two, 


*a - 
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and it is obvious that by means of trvo figures, this kind 
of notation may be continued till we arrive at ninety* 
nine, whose symbol will be QQ. 

8. Def. 4. Beyond this number^ the use of two, 
either the same or different figures, will not enable us to 
go, but a repetition of the contrivance in the last Article, 
will by means of more figures supply the defect. 

Thus, supposing the effect of any figures being 
placed on the right of symbols formed as above^ to be to 
increase all their values tep/oldf we shall have 

100, 101, 102, &c. 

one hundred, one hundred and one, one hundred and two, *a 

SO likewise of succeeding numbers ; thus, we have 
345, 586: 

three hundred and forty-five, five hundred and eighty-edx : 

and again, 999 will be nine hundred and ninett/^nine, 
which is the largest number capable of being expressed 
by three figures. 

Here, the Jirst figure on the right hand is said to 
occupy the units' place, the second the place of tens, and 
the third that of hundreds. 

Of the auxiliary digit 0, the sole use is in the effect 
specified in the last two Articles ; and all figures to the 
right of it will therefore be unaffected by it. 

9. Def. 5. In estimating numerical magnitudes, 
we proceed in order from hundreds, to thousands^ tens of 
thousands, and hundreds of thousands ; millions, tens of 
millions, and hundreds of millions; in precisely the same 
manner as we have done above from units to tens, and 
from tens to hundreds, 

10. Def. 6. Agreeably to the principle of Article 
(7), it is assumed that " any figure placed on the right 
of one or more others, has the effect of increasing every 
'one of them tenfold without altering its own value;" 
and this enables us to express with facility any number 
whatever. 

Thus, 

(1) 1000 will represent One Thousand. 
f2) 5493 will represent Five Thousands.^ foMX Huii- 
dreas, and ninety-three. . 
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(S) Q34f56 will represent Twenty-three Thousands^ 
four Hundreds^ and fifty-six. 

(4) 729054 will represent Seven hundred and 
twenty-nine Thousands, and fifty-four. 

(5) 1803205 will represent One Million, eight hun- 
dred and three Thousands, two Hundreds and five. 

(6) 32754081 will represent Thirty-two Miliums, 
seven hundred and fifty-four Thousands, and eighty-one. 

(7) 473025004 will represent Four Hundred and 
seventy-three Millions, twenty-five Thousands^ and four. 

11. If the first three figures beginning from the 
right hand be denominated so many units, tens of units 
and hundreds of unilSy it follows that the next three 
figures taken the same way will be thousands, tens of 
thousands^ and hundreds of thousands : the next three in 
order will be millions, tens of millions, and hundreds of 
millions : and so on. 

Whence, to express in figures any number proposed^ 
we have only to consider in which of these divisions 
each part of it ought to be founds observing that three 
figures from the right must be taken to make each divi- 
sion complete, before we proceed to the next. 

Ex. 1. Express by means of figures; Thirty-Jlve 
thousand, eight hundred and nineteen. 

Here, eight hundred and nineteen belongs to ihejirst 
division on the right, and is written 81 9: 

also^ thirty-five thousand must be found in the second 
division from the right, and is S5 : 

whence, the proposed number will be expressed by 

3 5 8 19. 

Ex. 2. Write down in figures the number; Five 
million, twenty-Jive thousand, six hundred and seven. 

In this case, the first division on the right will be 
607; the second will be 025, the digit being affixed to 
the left of the others without altering their values, to 
make up the required number o£ three; and the third is 
5 : so that the expression required will be 

5 2 5 6 7. 

Ex. 8. Express by figures the following number ; 
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Five hundred and seventy million, ino hundred and six 
thousand andjifty-four. 

Here, the first division is 054, the altering only the 
values of the figures in the stibsequent divisions : the 
second division is 206, and the third is 570: whence 
the number proposed is correctly expressed by 
570206054. 

12. This method of notation can never present any 
diflBculty, provided it be carefully remembered that 
every division of figures as we proceed from the right 
hand towards the left must be completed as far as it is 
possible ; and by a little practice, we shall be enabled to 
write down any number by beginning at the left hand. 

Ex. To write down Six hundred and thirteen miU 
lion. Jive hundred and nineteen, we observe that the 
division of millions will be 6l3: that of thousands will 
be 000, and that of units 519: so that the number is 
expressed in arithmetical symbols by 

613000519. 

13. Examples for Practice in Notation. 

(1) Five hundred and ninety-eight. 

(2) Seven thousand, eight hundred and four. 

(3) Eighty-nine thousand and sixty-three. 

(4) Six hundred and three thousand, two hundred 
and forty. 

(5) Nine million, forty -three thousand, six hundred 
and two. 

(6) Forty-five million, three hundred and eighty- 
seven thousand and twenty- five. 

(7) Three hundred and forty-nine million, four 
thousand and sixty-five. 

(8) One hundred million, ten thousand and one. 

(9) Eight hundred and forty-two million, two hun- 
dred and forty-eight thousand, four hundred and eighty- 
four. 

(10) Nine hundred and nine million, nine thousand 
and ninety-nine. 

14. As far as practical utility is concerned^ ^^ ^Vv^Sl 
seldom or never nave occasion to ex.^te%« V^ ^\^xt^%« 
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numbers exceeding Hundreds of Millions; but the sys- 
tem of Notation admits of being extended so as to repre-f 
sent any number whatever. 

Thus, instead of supposing that each division consists 
of three figures, if we include six figures as far as we 
can in each division from the right hand, the first may be 
regarded as so many hundreds of thousands of Units; 
the next as so many hundreds of thousands of Millions; 
the next as so many hundreds of thousands of what are 
called Billions, and the succeeding divisions^ of so many 
hundreds of thousands of what are termed Trillions^ 
Quadrillions^ &c. 

Ex. To represent Ten thousand millions by figures ; 
for the first division we have 000000, and for Uie second 
lOOOOj so that the representation required is 

1000000000 0. 

15. It will be observed, from what has been said, 
that each of the nine figures or digits, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 

has an absolute value of itself, whereas the auxiliary digit 
has no such value ; and on this account the former are 
termed significant figures, in contradistinction to the 
last It will moreover have occurred to the reader, that 
every one of these significant digits, in addition to its 
absolute value, which is fixed and certain, possesses also 
a local value dependent upon the situation in which it is 
placed; thus, in the expression of the number. 

Four thousand three hundred and twenty-one. 

which will be 

43 2 1, 

the 1 in the first place on the right hand, retains its ab- 
solute value; the second figure 2, in its situation denotes 
two tens or twenty ; the third is three hundred, and the 
fourth is four thousand; so that the local values, of 2> 3, 
and 4 here, are respectively, ten times, a hundred times and 
a thousand times, as great as their absolute values : and it 
is the circumstance of assigning to each of the significant 
figures a local as well as an absolute vsXxxe^ which confers 
upon the system, the immense powers it possesses. 
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NUMERATION. 



16. Def. Numeration is the art of reading or esti- 
mating the value of a number expressed by figures^ and 
is therefore the reverse of Notation. 

17. From the circumstance of every figure possess- 
ing a local as well as an absolute value, it follows that 
the value of each figure must be estimated by the place 
which it occupies : hence, a figure standing by itself ex- 
presses so many units; a figure in the second place fronjL 
the right, denotes so many tens; a figure in the third 
place, so many hundreds, and so on : consequently, if we 
suppose any numerical expression to be divided into 
periods, or portions each consisting of three figures as 
far as they go, the figures of the period on the right will 
be units, and tens and hundreds of units ; those of the 
next will be units, tens and hundreds of thousands ; those 
of the third will be units, tens and hundreds of millions ; 
and so on. 

Thus, 

(1) 25 is Twenty-five. 

(2) 304 is Three hundred and four. 

(S) 5287 is Five thousand, two hundred and eighty- 
seven. 

(4) 605Sg is Sixty thousand, five hundred and thirty- 
nine. 

(5) 207385 is Two hundred and seven thousand, 
three hundred and eighty-five. 

(6) 1739204 is One million, seven hundred and 
thirty-nine thousand, two hundred and four. 

(7) 35024376 is Thirty-five million, twenty-four 
thousand, three hundred and seventy-six. 

(8) 275008005 is Two hundred and seventy-five 
million, eight thousand and five. 

In each of these instances we conceive the expres- 
sion to be separated into periods of three figures each 
as far as they go, beginning at the right hand : as in 
275008005, we observe that 005 is the first period, 008 
the second, and the third period is 275, each consist- 
ing of three figures : that is, 275 dexvoXfc^ v«<i\issxAx^^ 
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and seventy-five millions^ 008 eight thousands^ and 005 
five units. 

18. The last Article will be rendered more clear by 
the following scheme^ called the Numeration Table : 



987654321 

9 8 7 6 5 4 3 
9 8 7 6 5 4 
9 8 7 6 5 
9 8 7 6 
9 8 7 
9 8 
9 
wherein the local value of every figure in each of the 
horizontal rows is pdinted out by the name written 
upwards at the top of the whole : thus^ in the third hori- 
zontal line from the bottom^ the figures will be read 
Nine hundred and eighty^seven ; and in the second line 
from the top, Ninety-eight million, set^en hundred and 
sixty-Jive thousand^ four hundred and thirty-two* 

19. Examples for practice in Numeration. 

(1) 4320. (7) 20084216. 

(2) 87054. (8) 79030284. 

(3) 903766. .(9) 321408653. 

(4) 2714325.. (10) 408076032. 

(5) 8047328. (11) 314159265. 
(Q. 12870045. (12) 571268405. 

20. We now proceed to the consideration of the 
four fundamental Operations that can be performed upon 

numbers, which are those of Addition, Subtraction^ MuU 
tiplication and Division, each of which will be defined^ 
explained and exemplified in its order. 
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I. ADDITION. 

21, Def. Addition consists in finding a number 
equal to two or more numbers taken together^ and this 
number is called their Sum. 

Ex. 1. To find the sum of 2, 5 and 9 ; we see that 
two units and Jive units taken together are seven units, 
and these with nine units more, will amount to sixteen 
units, which is written l6: and we have the following 
form* 

% 

5 

Ex. 2. Add together the numbers 254, 893 and 487. 

It would be absurd to collect into one sum, numbers 
of different local values, as for instance, to say that three 
units and five tens amount to either eight units or eight 
tens ; and we therefore place the numbers to be added 
together in such a form that each of the figures of the 
same denomination may be in the same vertical line, as 
on the left of the page : 



Common Form. 
2 5 4i 
B 9 S 
4 8 7 


Explanation of Operation. 
2 and 5 and 4 
8 ... 9 ... 3 
4 ... 8 ... 7 


2 1 


1400 220 14 


16 3 4 


2 10 




16 2 3 



and then, as is seen in the operation on the right, we 
have first added the units together and thus have 14 
units, or 1 ten and 4 units ; we have next foui^d the sum 
of the tens to be 22, which with the 1 ten before 
obtained amount to 23 tens, or to 2 hundreds and 3 tens ; 
and lastly, we have obtained 14 hundreds, which toge- 
ther with the 2 hundreds just found make l6 hundte.<]b^ 
or 1 thousand and 6 hundreds \ -^Yieacie, ^^ «o8saa% 
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sum is I thousand^ 6 hundreds^ 3 tens and 4 units^ or 
1634. 

The reasoning here used is thus applied to the figures 
on the left of the page: the numbers of tens and hundreds 
found by adding the vertical columns of unit$ and tens 
are annexed, or carried to the columns of tens and hun- 
dreds respectively, and they are here put down under 
them just above the horizontal line; but in practice 
they are always omitted, by mentally adding them to the 
lowest figures of the next vertical rows. 

22. To effect the operation of Addition, as appears 
ffom these two instances, it is merely necessary to know 
from memory or by practice, the sums of every two single 
figures : and the reasoning above employed leads to a 
general conclusion which is comprised in the following 
Rule. 

Rule for performing Addition. 

Place the numbers under one another in such a man- 
ner that units may stand under units, tens under tensj 
hundreds under hundreds, and so on, and draw a line 
below all the horizontal rows of figures : then add up 
the figures in the first vertical row on the right hand, 
find the number of tens and units in their sum, and put 
down the number of units^ whether it be zero or any of 
the nine other digits : carry as many units as there are 
tens thus found to the next vertical row, and add them 
up as before, observing the numbers of tens and units 
contained in the s'um : place the number of units under 
the row -added, and carry the number of tens to the next; 
proceed in the same manner till the last row is added, 
when put down the numbers both of tens and units^ as 
there are no more figures of higher denominations. 

23. To ascertain whether the operation is correctly 
performed, various expedients might be resorted to ; as 
for instance, that of adding the numbers downwards in- 
stead of upwards^ which because the same set of numbers 
cannot h^e two different sums, must give the same re- 
sult : but the only one, with this exception, which does 
not involve principles hereafter to be explained, seems to 
he that of omitting one of the horizontal rows of figures 
in a second operation, and afterwards adding it to the 
result of the rest obtained by the rule. 
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n 



Addition, 

9 S 5 8 
4 16 2 
8 9^0 
6 -3 2 d 


2 8 7 6 8 



jrruoj, 

4 16 2 
8 9 2 
6 3 2 8 


1 9 4» 1 
9 3 5 8 


2 8 7 6 8 



Here, 28768 is the sum: and omitting the^r^f hori- 
zontal row, we find the sum of the rest to be 19410, to 
which the row 9358 being now added, produces 28768 
the entire sum: whence we infer with some degree of 
probability, that the addition is correct : and this proba- 
bility may be further increased by repeating the opera- 
tion, with the omission of any horizontal row of figures^; 

24. Examples for Practice in Addition, 
(1) 9 (2) 3 4 7 (3) 7 1 5 3 (4) 2 9 5 1 



(5) 



(9) 



4 5 


2 3 8 


2 8 5 7 


7 3 8 2 6 


7 3 


4 1 


4 10 5 


5 7 2 9 5 


) 84 


(6) 2 9 3 


(7) 4 2 8 


(8) 5 3 2 9 6 


7 


7 5 


3 5 4 


10 9 


2 9 


4 9 


9 5 


5 8 7 5 


1 3 


3 


2 7 6 
(11) 7 3 6 


2 4 6 5 8 


) 7 3 


(10) 2 3 5 


(12) 2 5 3 8 5 


2 4 


9 7 


4 


9 6 2 4 


9 


9 5 8 


4 15 9 


8 7 6 5 3 


2 5 1 


6 4 


4 7 


4 7 6 


4 8 


18 6 


7 2 4 


9 7 3 4 1 



(13) Add together 432, 8076, 458 and 5431. 

(14) Add together 72853, 27621, 45760, 820547 
and.71425. 

(15) Add together 205087, 32471, 29185, 1475 and 



273. 



(16) Find the sum of 72638594, 2'raa6>l^"^^>^«V 
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and 1468357: and prove it to be correct by the omission 
of each horizontal row in succession. 

(17) Find the sum of Twenty- five million and four; 
Forty-seven thousand, ttvo hundred and nine; Three 
hundred million, ten thousand and one; Sixty-Jive thou* 
sand and eighty-seven, and Five million and JiJXy: write 
it down in words ; and apply the ordinary proof of its 
being correct. 

25. Def. It is usual, in the applications of Arith- 
metic^ to express the operation of Addition by signs 
invented for the purpose : thus^ the sum of 4 and 5 is 
expressed in ihejorm, 

4 + 5 = 9^ 
wherein the sign + between 4 and 5 denotes the addition 
of the latter number to the former, and is read plus, or 
more hy; and the sign = between 5 and 9 expresses the 
result of such addition to be 9? or the equality between 
the sum of the numbers 4 and 5 and the number 9 : so 
that the arithmetical expression 

4+5 = 9> 
is read 

4 plus 5 equals 9. 
Similarly, 2 + 3 + 7 = 5 + 7 = 12, shews the sum of the 
three numbers 2, 3, 7> to be 12. So, in Ex. 2, of Article 
(21), we have 254 + 893+487=1634, expressive of the 
operation there performed. 

II. SUBTRACTION. 

26. Def. Subtraction consists in finding how much 
one number exceeds another, and the excess is styled 
the Remainder or Difference, The greater of the pro- 
posed numbers is called the Minuend, and the less the 
Subtrahend. 

Ex. 1. Find the difference of 7 and 2. 

Here, it is evident that 7 units being equal to 2 units 
and 5 units taken together^ if we withdraw or subtract 
the former, we shall have 5 units for the remainder or 
difference ; and the operation is written in the,^>rm ; 

7 
2 
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Ex. 2. To subtract 19 from ST, we place the figures 
as in the last example, and have 



Common Form, 
37 

18 



JErplanation of Operation, 
20 and 17 
10 ... 9 



10 ... 8 



Here, the figure in the units' place of the upper line 
being less than that in the lower^ it is impossible to sub^ 
tract the lower from the upper : but by considering^ as 
on the right of the page, the 7 as 17 by taking one of 
the units from the 3, we find the excess of 17 above 9 to 
be 8, which is put in the units' place of the remainder, 
and then we have to take away 1 from 2 instead of 3, in 
consequence of having regarded the 7 ^s 17 1 hence the 
remainder in the tens' place will be 1, and the difference 
of the two numbers is 1 8. 

The figure in the lower line being greater than that 
in the upper, we have borrowed ten units of the next 
denomination ; but the same result is obtained whether 
we suppose 1 to be subtracted from the upper line, or 
added to the hwer, as the remainder will evidently be 
the same on both suppositions. In practice we add ten 
units of any denomination to both the quantities con- 
cerned ; to the upper as ten of that denomination, and to 
the lower as one of the next superior denomination, and 
by this contrivance the remainder is unaffected. 

27* Hence it appears to be necessary to recollect the 
differences of every two numbers less than 20 : and the 
reasoning being applicable to all other instances, the 
result of it may be embodied in the following Rule. 

Rule for performing Subtraction, 

Place the less number under the greater, so that 
units may stand under units, tens under tens, and so 
on ; begin at the units' place and subtract each figure in 
the lower line from that in the upper, taken by itself, or 
increased by 10, according as it is greater or less than 
the said figure in the lower Hne, and put down the 
remainder ; observing that whenever ten units have bee^ 
borrowed, or added to the upper line, one \xcaX \n»%\.\i!^ 
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carried^ or added to the next denomination in the lower 
line. 

28. Subtraction being the reverse of Addition^ it 
follows, that if we add together the reniainder and the 
less of the numbers proposed, the sum ought to be equal 
to the greater ; and the operation of subtraction may be 
presumed to be correct when this is the case : thus, 



Subtraction, 

9628 the Minuend : 
6 7 5 9 the Subtrahend : 

2869 the Remainder : 



Proof. 
6 7 5 9 the Subtrahend : 
2869 the Remainder: 

9 6 2 8 the Minuend : 



where the last result is the same as the greater of the 
numbers proposed ; and thence we infer 3iat the oper- 
ation has been correctly performed. 

29. Examples for Practice in Subtraction. 

(1) 1 4 (2) 7 9 (S) 4 2 8 (4) 7 4 6 
8 45 274 807 



(5) 6 2 8 S 1 (6) 5 4 2 6 5 7 (7) 2 4 8 7 
48072 214958 76498 

(8) What is the excess of 12795 above 8O96 ? 

(9) From 9261874 take 2548298. 

(1 0) Find the difference of 20470932 and 80476S25. 

(11) How much greater is 12785462 than 1842567 ? 

(12) Required the excess of Three hundred and Jive 
milium^ two hundred and four ^ above Seventtf-Jive thou^ 
sand^ three hundred and eighty^six. 

30. Def. The operation of Subtraction, is indicated 
or expressed by the sign — , which is read minus^ or 
less by, with the use of the sign = ; thus^ the excess of 7 
above 8, will be expressed in the/orm, 

7-S-4, 
which is read 

7 fninus 3 equals 4 : 
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where the sign - between 7 and 3 denotes the sub- 
traction of the latter from the former, and the sign s 
between 3 and 4 shews the equality of the excess to 4. 



III. MULTIPLICATION. 

31. Def. Multiplication consists in finding the 
amount of a number, when repeated any number of 
times, and this amount is termed the Product. The 
former of these numbers is tailed the Multiplicand, and 
the latter the Multiplier, 

Ex, I. To multiply 7 and 42 by 4 and 5 respec- 
tively, being to find the sums arising from the numbers 
7 and 4:2, four andjive times repeated, we may determine 
the products as underneath ; 



7 

7 

7 

__7 

28 



42 
42 
42 
42 
42 

210 



but the operations are expressed more briefly, as follows : 



7 
4 

08 



42 
5 

210 



Ex. 2i Find the products arising from the multipli- 
cation of 256 by 10, 11 and 12 respectively. 

By Article (10) we know that 256 will become ten 
times as great by merely affixing to the right of it the 
liuxiliary digit 0, and thus we have the following opera- 
tion: 

2 5 6 the multiplicand: 
1 the multiplier: 

2 5 6 the product 
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To multiply 256 by 11, we consider that 11 being 
equal to 1 and 10 together, the product will be equal to 
the sum of 256 taken once and ten times, 

2 5 6 
1 1 



2 5 6- 256 taken once^ 
2 5 6 = 256 taken ten times, 

2 8 16 = 256 taken eleven times : 



that is, 2816 is the product of 256 by 11 : and the omis- 
sion of the on the right of the fourth line in the oper- 
ation^ can cause no inconvenience, as the places of the 
succeeding figures adequately determine their values. 

To find the product of 256 by 12, 256 must be taken 
twice and ten times together, and we have 

2 5 6 
1 2 



2 5 6 
2 5 6. 



! J- ai 256 taken twice^ 



2 5 6 0s 256 taken ten times, 

3 7 2= 256 taken twelve times : 



whence, the product of 256 by 12 is 3072, the obser- 
vation above made holding good with respect to the 
omission of the at the end of the Jiftk line. 

32. From the mode in which the results above 
have been obtained, it is manifest that Multiplication is 
merely a compendious method of performing the addition 
of two or more equtd numbers: and the following 
scheme, which is termed the Multiplication Table, pre- 
sents at one view the product arising from the multipli- 
cation of any two numbers not exceeding 12 ; and 
though the products of the nine digits form the basis 
of those of all numbers whatever, it is here extended 
for the sake of practical convenience, and should be 
carefully committed to memory. 
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THE MULTIPLICATION TABLE. 



1 


2 


3 


4 


~ 


"fl" 


7 


8 


' 


10 


11 


12 


2 


4 


6 


8 


10 


12 


14 


16 


IS 


20 


22 


24 


3' 


6 


9 


13 


15 


IS 


31 


24 


27 


30 


33 


36 


1 


S 


13 


W 


20 


24 


28 


32 


36 


40 


44 


4&' 


5 


10 


16 


20 


25 


30 


35 


40 


45 


50 


55 


60 


B 


la 


13 


24 


30 


3«| 


42 


43 


54 


60 


60 


72 


7 


11 


SI 


2@ 


35 


42 


4D 


5€ 


63 


70 


77 


S4 


8 


10 


24 


32 


40 


4a 


56 


64 


72 


80 


sa 


96 


9 
10 


IB 


27 
30 


36 
40 


45 
50 


54 
00 


fl3 
70 


72 
SO 


81 
90 


90 
100 


m 

110 


lOS 
120 


11 
12 


S2 
2i 


33 
36 


44 
48 


&5 
00 1 


&6 
72 


77 

m 


S3 


99 
lOB 


110 
120 


121 
132 


132 
144 



In this table^ the first horizontal line consists of the 
first twelve numbers in order : the second consists of the 
products of the same numbers when multiplied by 2 : 
the third contains their products when multiplied by 
3 : the fourth when multiplied by 4, and so on : and the 
table is repeated in the following manner. 

Thus^ to make use of the second line of figures^ we say 

twice 1 are 2, twice 5 are 10, twice 9 are 18, 

twice 2 are 4, twice 6 are 12, twice 10 are 20, 

twice 3 are 6, twice 7 are 14, twice 11 are 22, 

twice 4 are 8, twice 8 are l6, twice 12 are 24. 

Ex. 1. Let it be required to m\x\\:v^\^ %5^V3 ^\ 
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then, since the product of 854 by 6 is evidently equal to 
the sum of the products of all its parts, namely, 800 and 
50 and 4, by 6, we have 

8 5 4 
6 



2 4 = productof 4by 6: 
3 = product of 50 by 6 : 

4 8 = product of 800 by 6 : 

5 1 2 4 = product of 854 by 6. 

In practice, we mentally combine into one sum, the 
figures of all these products as they arise : thus, first mul- 
tiplying 4 by 6, we find the product to be 24 by the 
table ; and having placed the 4 units under those of the 
quantity proposed, we carry the 2 tens to the product of 
5 by 6, which is here SO tens, and thus obtain 32 tens ; 
whereof the 2 being put under the tens* place, and the 
3 being carried to the product of 8 by 6, or to 48 Aw»- 
dreds^ the entire number of hundreds is 51 ; and the 
whole product is 5124. 

Ex. 2. Multiply 486 by 357- 

Here, proceeding with each of the figures 7^ 5 and 
3, according to the last example, we have 

4 8 6 
3 5 7 

3 4 2 ^product of 486 by 7 : 
2 4 3 = product of 486 by 50: 
14 5 8 = product of 486 by 300 : 



17 3 5 2 = productof 486by 357. 

In this instance, the situations of the figures in the 
fourth and fifth lines render them equivalent to the pro- 
ducts of 486 by 50 and 300 respectively, without supply- 
ing the auxiliary digits 0. 

If one or more of the figures of the multiplier be 0, 
it is evident that the corresponding partial product 
will be 0, and the lines may be entirely omitted after 
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placing down each once, to give the proper value to the 
product arising from the next figure. 

33. The reasoning here employed heing indepen- 
dent of the examples made use of to illustrate it, we are 
enabled to lay down a Rule in the following words. 

Rule for performing Multiplication, 

Place the multiplier under the multiplicand, as be- 
fore, and draw a line under the whole : multiply every 
figure in the multiplicand by the figure in the units' 
place of the multiplier, observing to carry to the next 
product the number of tens in that arising from the 
multiplication of any of the digits in the multipli- 
cand, and to place down the units under the figure 
multiplied, till the last product is obtained, which place 
down in foil: proceed in the same manner with the 
figure of the multiplier in the tens' place, the figure on 
the right of this product being placed under the said 
figure; then with the figures in the succeeding places; 
add these products together, and the sum will be the 
entire product. 

34. If the multiplicand and multiplier change places, 
the product must be the same as before, otlierwise the 
same numbers would have more products than one ; and 
if the products be the same, we have some proof that 
the operation has been correctly performed in each case. 
Thus, 

Multiplication, 
8 7 5 
4 2 7 



6 12 5 

17 5 

8 5 

3 7 3 6 2 5 



'A 



8 
2 




The best practical proof of this operation by " Casting 
out the Nines** depends upon that of the next subdivision: 
but we will enunciate the Rule, and apply it to this 
example, in the form usually adopted. *' Fvcv^ ^^ 
sums of thejigures in the Multiplicand «cA "NluW-V-pAAwr ^ 
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and determine the Remainders when divided by Q: then, 
if the remainder arising from dividing the product of 
these two remainders by 9, be the same as that which 
arises from dividing the sum of the digits in the Jinal 
result by 9, the operation has prohahly been correctly 
performed." 

Thus, in the instance above^ the sum of the figures 
in 875 is 20, and the remainder is 2 : in 427, the sum 
of the figures is 18, and the remainder is 4 ; therefore 
the remainder arising from dividing the product of 2 
«md 4 by 9 is 8 ; and there is also a remainder 8, if we 
divide the sum of the digits comprised in 373625 by Q. 

The remainders are placed as above, and the reason 
of the rule will be given in the Appendix. 

Abbreviations of Multiplication* 

35. The ordinary process of Multiplication may be 
shortened or Jacilitated, as in the following instances. 

Ex. 1. Multiply 257 by 6400, and 790 by 8300. 
Here, omitting the ciphers on the right, or supposing 
them to be omitted, we have 



2 5 7 
6 4 


7 9 

8 3 


10 2 8 
15 4 2 


2 3 7 
6 3 2 


16 4 4 8 


6 5 5 7 



where the ciphers are annexed at last to the right of the 
products obtained in the ordinary way, to give the other 
figures their proper local values. 

Ex. 2. Required the product of 537 by 63. 
" Here, 63 being the product of 7 and 9, it follows 
that 7 times any number 9 times repeated, is the same as 
63 times that number : whence, we have 

5 3 7 

7 t imes 9=^6S 

3 7 5 9 
9 



3 3 8 3 1 = the product. 
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To multiply 476 by 47 we have these operations : 



4 7 6 

9 

4 2 8 4 
5 

2 14 2 
9 5 2 

2 2 3 7 2 



4 7 6 
8 

3 8 8 
6 

2 2 8 4 8 
4 7 6 

2 2 3 7 2 



in the former of which twice 476 is added^ and in the 
latter once 476 is subtracted^ in order that 476 may be 
repeated 47 times, exactltf. 
« 

36. The same mode of reasoning and similar opera- 
tions may be used to find the pro(^uct of more than two 
numbers^ which is called the Continued Product of so 
many Factors, 

Ex* To find the product of 3, 5 and 47, 
multiply 3 
by 5 

15 is the product : 

again, multiply 15 
by 47 

105 
60 

705 is the product : that is, 
705 is the continued product of the factors 3, 5 and 47. 

37. Examples for Practice in Multiplication. 
(1) 2 8 4 (2) 1 4 7 5 (3) 2 8 6 7 



2 8 4 
2 

(4) 7 8 5 4 3 
5 



14 7 5 
3 



(5) 4 1 8 7 
6 



(6) 9 4 2 7 6 3 
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(7)8536274 (8) 3216795 (9) 1468725 
8 9 II 

(10)62 83 195 (11)2 158 4 (12)39265 
12 17 39 

(13) 9 2 18 4 6 (14) 8 2 7 9 4 1 (15) 5 8 6 9 2 7 
15 8 3 76 495 

(16) 279420 (17) 254037 (18) 4785328 
7 350 2980 7802 

(19) Multiply 123456789 by each of the numbers 
2, 3, 4, 5, 6, 7, 8 and 9. 

(20) Find the product of 4769I and 27 : of 28573 
and 85 : of 716281 and 48 : of 129385 and 66 ; of 138476 
and 81 : of 480765 and 97, and of 8241763 and 123. 

(21) Required th^ continued product of 4, 7 and 25 : 
of 13, 15 and 17 : and of 85, 29, 43 and 87- 

38. Dbp. The operation of Muliiplicaiion is ex- 
pressed by the sign x, which is read into, or multiplied by : 
thus, 

5x7 = 35 

denotes the result of the multiplication of 5 by 7 to be 
35: 

so, again, 4 x 5 x 13 expresses the continued product of 
4, 5 and 13, which 

= 20 X 13 = 260; 
and we have 

(8 + 3)x(7-2) = 55, 

expressive of the product of the. sum of 8 and 3, and 
the difference of 7 and 2, which may be more briefly 
written 

11x5=55, 



IV. DIVISION. 

39. Def. Division consists in finding how many 
times one number is contained in another, and the num- 
ber of such times is termed the Quotient. The former 
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of these numbers is called the Divisor, and the latter 
the Dividend. 

Ex. 1. To divide 6 by 2, and 219 by 52 respectively, 
we must obviously take the latter numbers from the 
former in each case, as often as we are able, according to 
the principle of Subtraction before explained : thus, 



6 

2 

T 

2 

2 
2 



219 
52 

167 
52 

115 
52 

'^ 
52 

11 



te that after three subtractions in the former case, there is 
no remainder, whereas in the latter, four such operations 
leave a remainder 11 : that is, 2 is contained in 6, three 
times exactly; but 219 divided by 52 gives 4 for the 
quotient, with 11 for the remainder: and the processes 
are made to take the following /orwi* ; 



2 J 6 
3 



5 2 J2 1 9(^4 
2 8 



1 1 



From these instances of what are called Short and 
Long division, it follows that Division is the reverse of 
Multiplication: and hence, by a reversed process, the 
Multiplication Table must furnish the means of obtain- 
ing the quotient* 



Ex. 2. If we multiply 349 by 215, the product is 
75G35 : and therefore, the quotient of 75035 when divided 
by 349 must be 215, which wiU be found by revetaiiv% 
the operation as follows: 
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S49j750S5(^2 1 5 

698 ^product of 349 by 2 denoting gOOunits: 

523 

349 . product of 349 by 1 denoting 10 units: 

1745 

1745 = product of 349 by 5 denoting 5 units. 



Here, the first figure 2 in the quotient is obtained 
by inquiring how often 3 is contained in 7, or 34 in 75 : 
then, after multiplying 349 by 2, which, firom the places 
of the figures, represents 2 hundreds^ and subtracting the 
product which is 698, from 750, we have a remainder 52 : 
to this the next figure 3 of the dividend being annexed^ 
we seek how often 3 is contained in 5, or 34 in 52, and 
this quotient being 1, 1 ten is annexed to the 2 hundreds 
abeady obtained : multiplying and subtracting as before, 
we bring down the last figure 5 of the dividend, and find 
the corresponding quotient to be 5 units exactly ; and the 
operation is then completed, leaving no remainder. 

In this example, the dividend has virtually been 
broken up into parts each exactly divisible by 349, ^ 
will appear by supplying the auxiliary digits in the 
form of Long Division : thus^ 

Divisor, Dividend* Quotient* 

34 9>>69800 + 3490 + l 745^2 00+1 + 5 
698OO 

+ 3490 
3490 

+ 1745 
1 745 



or, in the form of Short Division^ as below : 

Divisor, Dividevid, 

34 9>>698G0 + 3490+1745 

200 + 10 + 5 Quotient, 



40. The principles of the reasoning here employed 
may be embodied in the following general Rule. 
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Rule for performing Division. 

Place the divisor and dividend in the same line, 
separated by a small curved line; and on the right of 
the dividend draw another line of the same kind ; in- 
quire how often the first one or two figures on the 
lefl hand of the divisor are contained in the first one or 
more of those of the dividend, and place the result on the 
right as the first figure of the quotient : and the product 
arising from the multiplication of the divisor by this 
figure being subtracted from the dividend, bring down 
or annex to the remainder the next figure of the divi- 
dend, and let the same kind of operation be repeated till 
every figure of the dividend is disposed of; then the 
quotient, and the remainder, if any, will be ascertained. 

If the divisor do not exceed 12, these operations may 
be performed mentally, the quotient and remainder being 
placed in a line immediately under the dividend. 

41. Since the quotient is the result arising from the 
division of the dividend by the divisor, it follows that the 
dividend must be the product arising from the multipli- 
cation of the divisor by the quotient, or of the quotient 
by the divisor : also, if there be any remainder, it must 
evidently be added to this product to produce the true 
dividend, since the whole is equal to the sum of all its 
parts ; and hence we have a method of shewing whether 
the division has been correctly performed, or not. 

Ex. Find the quotient and remainder when 275487 
is divided by 736. 

Divuum, 



1 3 6)2 7 5 48 7(^3 7 4 
2 208 

5468 
5152 



3 167 
2.9 4 4 

2 23 



Proof. 

37 4 
7 36 

2244 
1122 

26 18 

275264 
223 

27 54ftl 



H. A. 
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The easiest proof of this operation, is that of adding 
together the figures of the remainder and the partial 
products of the divisor in vertical lines, since the sum 
thus formed ought manifestly to be equal to the divi- 
dend when the work is right, as in the following form 
which is omitted in practice. See the Appendix. 

2208 
5 152 
2944 
223 



2 7 5 4 8 7 the dividend. 



Abbreviations of Division. 

42. The operation of Division may, in particular 
cases, be made to comprise fewer figures^ or to take up 
less room, by such considerations as follow. 

Ex. 1. To divide 205732.90 by 34500, we have 
Divisor, Dividend. Quotient. 

3 4 5, 0J2 5 7 3 2, 9 0(^5 9 6 
1725 

3323 
3 105 



2 182 
2070 

11290 remainder ; 

where after the two ciphers in the divisor and the two 
figures 90 in the dividend "are cut off, the operation is 
effected by the ordinary method, the said two figures of the 
dividend being annexed to the remainder at last, inasmuch 
as 112 from the places of the figures is equivalent to 
11200. 

Ex. 2. Divide 792415 by 72. 

Here, since 72 is the product of 8 and 9, it is obvious 
from Ex. (2), of Article {35), that the quotient may be 
obtained from successive divisions by 8 and 9 : 
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^9 J 99 5 1,7 first remainder : 

1 1 5, 6 second remainder : 



and we have now only to deduce the true remainder from 
the /;&d remainders just found. 

The dividend at first being so many units^ the first 
remainder 7 must be units; but the second dividend 
being the result of the division by 8, must be regarded 
as so mani/ times 8, and the second remainder will 
therefore be 6 times 8, or 4j8 units: whence, the true 
remainder will be 

6x8 + 7 = 55 units : 
and we may lay down a rule in the following words. 

In dividing by two numbers, instead of one equal to 
their product, the true remainder is equal to the product 
of the last remainder and the Jirst divisor, together with 
Xhejirst remainder, 

43. Examples for Practice in Division, 
(1)2^3 4 8 (2)3J4 5 96 (3)4^2 7.6 2 8 4 

(4) 5J8 4^37 5 (5) 6J 5 3 8 4 4 (6) 7J5 3 60 7 4, 

(7) 8 J 9 5 8 3 2 4 1 7 (8) 9 j 7 1 6 3 2 5 3 6 5 1 

(9) 10^3 158 3 67 (10) 11 J 1 2 3 4 5 6 7 8 9 

(11) 12J9 8 76 5 43 (12) 23 ;i44157246(^ 

(13) 37^47 07 32 56(^ (14) 539J4 8 3 1 5 67 (, 

(15) 7038^140167329^ 0^) 7900J2 541 32 8 6 (^ 

(17) 5730J8 3 2 79 7 0(^ (18) 1480J6 4 1 576 0(^ 

(19) Find the quotient of 76294 by 32 : of 72951 8 by 
49 : of 8015473 by 66, and of 4050873 by 121 ; and \itw^ 
the correctness of the operatious. 
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44. The operation of Division is expressed by means 
of the sign -f- and sometimes :, which is read bi/, or 
divided by ; thus, 

424-7 = 6 
implies that* the result of the division of 42 by 7 is 6 : 
again^ (70— 7) ^ (4 + 5) is equivalent to 6S -f- 9 = 7. 

MEASURES AND MULTIPLES. 

45. Dbf. 1. A Measure of a number is ani/ number 
which divides it without a remainder ; as 4 is a measure 
of 24, because it is contained exactly 6 times in 24. 

It is said to measure the number by the units con- 
tained in the quotient. All numbers have 1 for a mea- 
sure ; those, whereof 2 is a measure, are called even 
numbers, admitting of being divided into two equal 
parts ; and all other numbers are termed odd numbers. 

46. Dep. 2. A Common Measure of two or more 
numbers is ani/ number, which will divide each of them 
without leaving a remainder ; and the greatest of such 
measures is called the Greatest Common Measure, or 
Greatest Common Divisor : thus, 3 is a common measure 
of 1 8 and SO ; whereas 6 is their greatest common mea- 
sure, being the greatest number capable of dividing each 
of them without a remainder. 

47. Dbf. 3. An Aliquot Part of a number is ani/ 
measure of it. 

48. Def. 4. A Multiple of a number is ani/ number 
which is divisible by it, or contains it an exact number 
of limes; as 108 is a multiple of 12, because 12 is con- 
tained exactly 9 times in 108. 

49. Dbf. 5. A Common Multiple of two or more 
numbers is ani/ number which is divisible by each of them 
separately ; and the Least Common Multiple is the least 
number that can be divided by each of tnem without a 
remainder : as 24 is a common multiple of 3 and 4, 
because divisible by both of them ; whereas 12 is their 
least common multiple, because it is the least number that 
both 3 and 4 can divide without leaving a remainder. 

50. Def. 6. A Composite Number is one which 
arises from the multiplication of ttvo or more other num- 
bers termed Factors ; and it is thus distinguished from 
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an Incomposiie or Prime Number, which cannot so origi- 
nate : as 22 is a composite number, because it is equal to 
the product of the factors 2 and 1] ; but 11 is an incom- 
posite or prime number, because the multiplication of no 
two or more factors will produce it, nnity, which is merely 
the element of number, being excepted. 

51. 1/ one number measure each of two others, it 
will measure their sum and difference: alsOy any muU 
tiples of each, their sums and differences. 

Thus, 4 is a common measure of 20 and 12 ; and 
. their sum = 20 + 12 = 32 = 4 x 8 : ^ 
their difference = 20 -12 = 8-4x2: 
a multiple of 20 = 20 x 5 = 100 = 4 x 25 : 
a multiple of 12 = 12 x 7 = 84 = 4 x 21 : 

each of which evidently comprises the number 4 as a 
measure or factor: and similarly of more numbers. 

52. To jind the greatest common measure of two 
numbers. 

Let the numbers proposed be 63 and 168: then 
resolving each of them into its prime factors, we have 
63 = 7x9 = 7x3x3: 
168 = 7x 24 = 7x3x8 = 7x3x2x2x2: 
and the greatest common measure is evidently 7 x 3 or 
21, because 3 and 2 x 2 x 2 or 8 have no common factor : 
and employing the principles of the last Article, we ob- 
tain the same result by the following /orm ; 
63jl68(^2 
12 6 



42J63(^1 
42 

2 1 J42(^2 
42 

where 21 £he last Divisor is the greatest common mea- 
sure : and we have hence the following Rule. 

Rule for Jinding the Greatest Common Measure. 
Divide the greater of the numbers by the le«»%^«x\^ 
then the divisor by the remaindet ; Tei^^al ^^iv& cs^ct^?- 
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tion till there is no remainder, and the last divisor will 
be the greatest common measure. 

To ascertain the greatest common measure of three 
or more numbers, find the greatest common measure of 
any two of them : then that of this greatest common 
measure and another of them : and so on to the last. 

Examples. 

(1 ) Required the greatest common measure of 42857 1 
and 999999' 

Here, 428571>)999999(,2 
8 57 142 

1 428 57J428 5 7 HS 
428 5 71 

therefore 142857, being the last divisor, is the greatest 
common measure. 

(2) What is the greatest common measure of the 
numbers 12, 42 and 63 ? 

Here, by inspection^ 6 is the greatest common measure 
of 12 and 42 ; and to find that of 6 and 63, we have 
6)6 3(^1 
6 

'~3J6(^2 
_6_ 

therefore, 3 is the common measure required. 

(3) Determine the greatest factor common to 741, 
1131, 1183 and I989. 

Proceeding by the directions of the rule, we have 
741 Jl 1 3 1(^1 
741 

S9OJ74 1(^1 
390 

35 1 J390(^l 
3 5 1 

T9J351i^9 
3 51 



BIEASUBES AND MULTIPLES. 31 

or, $9 is the greatest common measure of 741 and 1131 : 
aixd to find that of 39 and 1 1 83, the process will be 

39 Jl 1 8 3(^3 

1 1 7 

13^39^3 

39 

or, 13 is the greatest common measure of 7^1^ 1131 and 

1183: 

-whence, 13 is the factor to be determined, since it also 

divides I989 without a remainder. 

In the second example, it is immaterial in what order 
the numbers are taken ; and in the last instance it will be 
found that the number required is the greatest common 
measure of the common measures of every two of them 
that can be selected. 

Examples Jor Practice. 



(0 


9 and 24. 


(2) 


126 and 144. 


(3) 


3556 and 3444. 


(4) 


5187 and 5850. 


(5) 


6441 and 10283. 


(6) 


13667 and 14186. 


(7) 


4,3365 and 44688. 


(8) 


11050 and 35581. 


(9) 


109056 and 179712. 


(10) 


16, 24 and 140. 


(11) 


13338, 14136 and 1590^ 


{. 




(12) 


204, 1190, 1445 and 2006. 





53. The following remarks will be of service in 
making use of the last rule. 

If the figure in the units' place be divisible by 2, 
the number is divisible by 2. 

If the figures in the units* and tens' places be 4, or 
be divisible by 4, the number is divisible by 4. 

If the figures in the units', tens' and hundreds' places 
be 8, the number is divisible by 8. 

If the sum of all the figures be divisible by 3 or 9, 
the number is divisible by 3 or 9. 

If the figure in the units' place be 6 ot O^Oafc waxs^^x^ 
is divisible by 5. 

If the sums of the alternate ftg\xre% \>e^^^D^% 



^\. 
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either end be equal, or one sura exceed the other by 11, 
or by any multiple of it, the number is divisible by 11. 

54. To Jind the least common multiple of two 
numbers. 

To find the least common multiple of 18 and 30, 
we observe that 

18 = 6x3 and 30 = 6x5, 
so that the least number which contains them both 
exactly is evidently 6x3x 5 = 90^ or the product of 18 
and 30 divided by 6 their greatest common measure: 
and hence we have the following Rule. 

Rule for Jinding the Least Common Multiple. 

Multiply either of the numbers by the quotient 
arising from dividing the other by the greatest common 
measure, and the product will be their least common 
multiple. 

If there be more than two numbers, proceed in the 
same way with the least common multiple of any two 
of them and the third : and so on, till they are all taken. 

Examples, ' 

(1) What is the least common multiple of 209 and 
304? 

Here, we have the operations below: 
209>)304(^1 
209 
9 5J 2 9(^2 
1 90 

~T9j95i^5 
95 



so that 19 18 the greatest common measure of the num- 
bers proposed: and the number required will there- 
fore - (209 X 304) -f 19 = (209 -^ 19) X 304 = 1 1 X 304, 
or, = (304 X 209) ^ 19 = (304 ~ 19) x 209 = l6 x 209: 
both of which being multiplied out, amount to 3344. 

(2) Determine the least common multiple of 64, 
250 and 432. 

The greatest common measures of 64 and 250 is 2, 
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and their least common multiple is 8000: the greatest 
common measure of 8000 and 432 is l6, and the least 
common multiple of the three numbers proposed will 
therefore be 21 6000: and, as in the preceding Article, 
the order in which the numbers are taken will have no 
influence upon the result. 

Examples for Practice. 
(1) 12 and 27. (2) 289 and S23. 

(3) 849 and 1132. (4) 3, 4 and l6. 

(5) 24, 39 and 376. (6) 12, 15, S5 and 56: 

55. When the least common multiple of several 
numbers is required, and no measures common to any 
two or more of them appear at Jirst sight to exceed 12, 
the easiest method is to place the numbers in a row, 
and to divide such of them, as admit of it, by the primes; 
or prime numbers 2, 3, 5, 7^ 11, repeated wheii it can be 
done, as often as possible : then, the product of all these 
divisors and the numbers in the last line, will 'be the 
least common multiple. 

Thus, to find the least common multiple of 2, 3, 8, 
9, 15, 21 and 35, we shall have the following scheme: 
^J^, 3,8,9, 15,21,35 



2;i, 


3, 


4,9, 


15, 


21, 


35 


s)i. 


3, 


2,9, 


15, 


21, 


35 


5J1, 


1, 


2,3, 


5, 


7, 


S5 


7Jh 


1. 


2,3, 


1, 


7, 


7 


1. 


1, 


2,3, 


1, 


1, 


1 



and the least common multiple is 

2x2x3x5x7x2x3 = 2520. 
This Rule is founded upon Article (51); very little 
attention is required to see the reason of it, and the fol- 
lowing examples will furnish its practice. 
Examples for practice. 

(1) 3, 5, 9. (2) 8, 9, 12, 18. (3) 6, ^5, 27, 35. 
" {^) 3/9, 7, 15, 28, 42. (5) 8, 18, 28, 36, 54, 72, 90. 

General proofs of all that has been said here, may b^ 
found in the Author's Elements of illgebra* 



CHAPTER II. 



APPLICATION OF ARITHMETIC TO NUMERICAL MAGNITUDES 
OF VARIOUS DENOMINATIONS, NOT CONNECTED BY THE 
BASE OF THE COMMON SYSTEM OF NOTATION. 



56, In the preceding Chapter we have considered 
only such abstract numbers as are formed by figures 
whose local values are always regulated by the same 
fixed number ten: but the rules given are easily ex- 
tended to concrete magnitudes wherein the local values 
of the figures are connected by more numbers than 
one ; as for instance^ to Pounds, Shillings, Pence, and 
Farthings^ where four farthings are equivalent to one 
penny, which is the next higher denomination; twelve 
pence to one shilling, which is the next denomination in 
order ; and twenty shillings to one pound : the different 
numbers 4, 12 and 20 connecting the denominations, 
in the same manner as lihe Jixed number 10, was sup- 
posed to connect the denominations of Integers. 

The processes employed in cases of this nature are 
Reduction^ and the fundamental operations then called 
Compound Addition^ Compound Subtraction, Compound 
Multiplication and Compound Division, each of which 
will be exemplified in order : and the Tables by means 
of which they are conducted, will be found at the be- 
ginning of the work. 

REDUCTION. 

57. Dep. Reduction is the converting or changing of 
numerical quantities, from one or more denominations to 
one or more others, such that the real or absolute values 
shall remain unaltered : and its operations will evidently 
depend upon the principles already explained. 

Ex. Reduce £25. ISs, G^d. into farthings; and per- 
form the converse operation. 

The correctness of the following opetatlous will be 



HEDUCnON. 



85 



manifest from the explanations annexed to their several 
steps^ i/«rhich are omitted as unnecessary in practice : 



Direct Operation. 

£. s. d, 

25 . 13 . 6^ 
2 Oj. = 1 pound : 

■- £. s. d. 

5 IS*. = 25. 13.0. 

12c?. = l shilling: 



6l62£?. = 25.13.6. 
4/1 = 1 penny: 



24651/. = 25.1S.6|. 



Converse Operation, 
far. 

Irf. = 4/:j2 4651 
U. = 12rf.j6l62f 



£1.= 20«.J513.6 



£25.13.6f. 



Here, the denominations are separated by a point as (.) ; 
and this is necessary to distinguish them from ordinary 
numbers, which do not require it, because their local 
values are all fixed and certain : and each of these ope- 
rations may be regarded as a proof of the other. 

58. The former process is called a descendivg, and 
the latter an ascending reduction, and they lead respec-. 
tively to thq following rules. 

Rule I. To reduce quantities from higher to lower 
denominations, multiply the highest denomination by the 
number which connects it with the next inferior, and to 
the product add the number of the inferior denomination 
in the quantity proposed ; and repeat this for each suc- 
ceeding denomination till the required one is obtained. 

Rule II. To reduce quantities from lower to higher 
denominations, divide them by the numbers which con- 
nect the different denominations in order, and annex the 
remainders at each step, so as to retain the denominations 
of the dividends from which they respectively arise. 

Ex. How many half-crowns are there in £253. 
gs. lOd.? 

Here both the rules are requisite, ati^N«e>a»N«i \5a»- 
following operations; 
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253.9.10 
20 



5 6 9*. 
12 



1 half-crown = SOd.) 60 8 3 8d. 

half-crowns 2 2 7.28^.: 

that is, the proposed sura is equivalent to 2027 half- 
crowns with 2Sa. or 2* . 4d. remaining ; and this result is 
verified by reversing the process : thus, 

half'C. d. 
2 2 7.28. 
3 



12j6 0S3Sd. 
2 0)5 06 9 ' 10(f. 

JE2 5 3 . 9 . 1 rf. 

Examples for Practice. 

(1) Reduce £71. 13^. 6^d. into farthings; and 
verify the result. 

Answer : 688 1 farthings. 

(2) Find the number of farthings in 95 guineas 
17*. 9^d. : and conversely. 

Answer: 96615 farthings. 

(3) Reduce £295. 18s. 3^d. to farthings; and prove 
the reduction. 

Answer : 284079 farthings. 

(4) Find 'the number of pounds, &c., in 415739 
farthings; and prove the operation. 

Answer: £433. Is. 2^d. 

(5) Reduce 14cwt. 3qrs. 24lbs. into ounces; and 
shew that the result is probably correct. 

Answer: 26816 ounces. 
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(6) Find the number of ounces in llcwt. 2 qrs. 
17lbs. 15oz.; and confirm the operation. 

Answer : ^0895 ounces. 

(7) What number of cwts., &c., are contained in 
65437 drams ? and verify the result. 

Answer: 2cwt Iqr, 3lbs, Qoz. 13drs. 

(8) Reduce 3tons. 14cwt. 3qr8. 25lbs. lloz. 9drs. 
into drams; and prove the result. 

Answer : 2 1 49&1 7 drams. 

(9) Find the number of poles contained in 15mi. 
5fur. Slpo.; and verify the result. 

Answer: 5031 poles. 

(10) In 1081080 inches^ how many miles^ &c.? 
and prove it. 

Answer: 17 miles, 110 yards. 

(11) Reduce 304935 feet to miles, &c. ; and give 
the converse operation. 

Answer: 57mi. 6fur. 5yds. 

. (12) What number of inches are equivalent to 
512yds. 2ft. 9in. ? and prove the result. 
Answer: 18465 inches. 

(13) Reduce 54yds. 8ft. 104in., superficial measure, 
into inches. 

Answer: 71240 inches. 

(14) What number of superficial yards, &c., are 
equivalent to 40253798 superficial inches ? 

Answer: 81060yd9. 38in. 

(15) Find the number of cubic yards, &c., in 1 4172 1 
cubic inches ; and prove it. 

Answer : 3yds. 1ft. 25in. 

(16) In 5279 pints, how many gallons, &c.? and 
prove the result. 

Answer: 659gal8. Sqts. Ipt. 

(17) Required the number of week^, &.t,/Y5\^*3L^\^ 
hours ; and verify the result. 

Answer : 428wks. Adays, V5V«^. 
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(18) In 2706359 seconds, how many weeks, &c. ? 
and prove it. 

Answer : 4wks. Sdays. 7hrs. 45min. 59sec. 

(19) How many degrees, &c., are of equal value 
with 206265 seconds ? and prove the converse. 

Answer: 57M7'.45". 

(20) In 12lbs. lOoz. 15dwts. 14grs. of silver, how 
many grains.^ and prove the result. 

Answer: 74294 grains. 

(21) Find how many grains there are in 18lbs. 2oz. 
4drs. 2scr. 12grs. ; and give a proof. 

Answer: 104932 grains. 

(22) In 20yds. Sqrs. lnl„ find the number of nails ; 
and prove it. 

Answer : 333 nails. 

(23) What number of acres, &c., are equal in ex- 
tent to 82973 square poles ? 

Answer: 518ac. 2ro. 13po. 

(24) How many pints are equivalent to 987bar. 
25gals. 3qts. Ipt of ale ? and prove it 

Answer : 284463 pints. 

(25) Reduce 21 tuns. 3hhds. 54gals. 2qts. of wine 
to pints; and the contrary. 

Answer : 44284 pints. 

(26) Required the number of quarts in S56qrs. 7bu. 
2pks. Igal. of corn ; and prove it 

Answer: 91380 quarts. 

(27) In 340 pistoles at IJs. 6d. each, how many 
pounds sterling? 

Answer: £297. 10*. 

(28) How many moidores of 27*. each, are equal 
to 198 guineas? 

Answer : 154 moidores. 

(29) In £453. 16s. 8d., how many pieces of coin 
valued at 3s, 4df. each ? 

Answer : 2723 pieces. 
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(30) Find how often a rod of 2ft. lOin. in length, 
must be applied to measure 10 miles, 140 yards. 

Answer: 18783 times, and I8in. over. 

(31) What number of weights of 14oz. Sdrs. each, 
are equivalent to 25cwt. 2qr8. 14lbs. ? 

Answer: 3100 weights, and loz. 4drs. over. 

(32) How many revolutions will the wheel of a 
carriage, 4ft. Tin. in circumference, make in 2mi. 4fur. ? 

Answer : 2880 revolutions. 

{33) If 5oz. of silk can be spun into a thread 2fur. 
20po. long ; what weight of silk would supply a thread 
sufficient to reach to the moon, if the distance be 240000 
miles } 

Answer: lOTtons. 2cwt Sqrs. 12lbs. 

(34) A year being equivalent to 365 days 6 hours, 
find the number of years, &c., in 295402374 seconds. 
Answer: 9yrs. ISldays. 18hrs. 12min. 54sec. 

59. Keeping in mind what was said in the first 
Article in this chapter, we need no additional inquiry to 
inform us that the fundamental operations on Compound 
Quantities must be performed as in Integers, with this 
difference, that instead of carrying and borrowing tens, 
we must do the same with the different numbers which 
connect their parts together: and we shall therefore 
merely enunciate the rule for each, at the beginning of 
the portion of the work appropriated to it. 

I. COMPOUND ADDITION. 

60. Rule. Arrange the quantities under one an- 
other according to their denominations: add together 
those of the lowest denomination : and having found the 
number of the next denomination to which the sum is 
equivalent, put down the remainder, if any, and add this 
number to those of the next denomination ; and repeat 
the process till all the quantities are disposed of. 

Ex. Find the sum of 142cwt. \qt, 9.\^s-> n^'s^^ 
Oqr. ]4lb8^ 21cwU 2qrs. IQlbs., andll6cN«it.\of • V^S^*- 
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The form of the operation is as underneath: 

Reductions, 
IbB. lbs. qra. 

56 



Cimimon Operation, 
cwtk <p& lbs. 

142.1.21 

78.0.14 

• 21.2.19 

17 6.1.15 

cwt. 4 1 8 . 2 . 1 3 the sum. 



1 3 ]bs. 

qra. qra. cwt. 

4;6\i 

4 



2 qrs. 
and the proof is the same as that of Article (23). 

Examples for Practice, 

(1) Add together £73. 2#. 9\d. ; £25. %s. ^d, ; 
£68. Ss, ll\d,; £76. 17*. 7d,, and £5. 14*. 5|d: and 
prove the result. 

(2) Find the sum of 32cwt 2qrs, 15lbs. 12oz.; 
47cwt. 25lbs. 7oz.; 5cwt. 3qrs. 17lb8. lOoz. ; 23cwt. 
Iqr. iglbs. 15oz.; Icwt. 2qrs. lOlbs. 8oz., and 9cwt. 
3qrs. 14oz, : and prove it. 

(3) Required the sum of 11yds. 2ft. gin.; 46yds. 
1ft. 8in.; ISyds. ift;. lOin.; 38yd8. 2ft;. pin.; 55yds. 
llin., and 27yds. 2ft. 7iii.: and prove it. 

(4) Collect into one quantity, 49gals. 3qts. Ipt. ; 
S4gal8. Iqt; 25gals, Ipt; 51ga]s. 3qts. Ipt.; SOgals. Iqt, 
and 5S gals. 2qts. Ipt : and prove it 

(5) Determine the aggregate of lOwks. 5days. 14hrs. 
31min. ; 18wks. 4days. 12hrs. 38min. ; 25wks. lOhrs. 
14min. ; 75wks. 6days. 23hrs. 59min. ; 53wks. 4days. 
19hrs. 23min., and 40wks. 17hrs. 25min.: and prove it 

(6) Add together 64lbs. lloz. l6dwts. Ugrs. ; 211bs. 
lOoz. 12dwts. 13grs.; 2lbs. Idwt l6grs. ; 12lbs. lOoz. 
18grs.; 24lbs. lloz. 12dwts.^ and 14lbs. loz. Igr. : and 
prove the result. 

(7) Find the sura of lloz. 4drs. 2scrs. llgrs. ; lOoz. 
Sdrs. 4grs.; lloz. Iscr. 14grs.; lOoz. Iscr. iCgrs.; 2drs. 

£scrs. 18grs, and l4ioz. 5dr8. iscr.: atid^TON«\t« 
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(8) Express in one sum, 21yds. 2qrs. Snls.; 18yds. 
2qrs. 2nls. ; 21yds. Iqr. 2nls. ; l6yds. Sqrs. 2nl8. ; 12yds. 
Iqr. 2nls., and 14yds. 2qrs. 3nls. 

(9) Find the sura of 32lea. 2mi. Ifur. 21po. ; l61ea. 
Imi. 3fur. 26po. ; 18lea. 2mi. 6fur. 21po. ; ISlea. Imi. 
2 fur. 12po., and 261ea. Imi. 4fur. 9po. 

(10) Find the sum of 21ac. Iro. 34po. ; lf>ac. 2ro. 
27po. ; 214ac. Iro. 2po. ; 32ac. Iro. 28po., and 301ac. 
14po. 



II. COMPOUND SUBTRACTION. 

61. Rule. Having properly arranged the quantities 
under one another, begin at the right hand and take 
each number in the lower line from the corresponding 
one in the upper, borrowing instead of 10, when neces- 
sary, the numbers which connect the successive denomi- 
nations; and the several quantities thus obtained will 
be the remainder or difference. 

Ex. Subtract S5yds. 2ft. 8in., from 48yds. 1ft. 4in. 

Reductions, 

in. in. in. 

16 = 4 + 12 borrowed, 
8 



Common Operation, 
yds. ft. in. 

48 . 1 . 4 
35 . 2 . 8 



yds. 12 . 1 . 8 the rem'. 



8 in. 



ft. ft. ft. 

4 = 1+3 borrowed, 

3 = 2 + 1 carried, 



1ft. 



and the proof used for integers is applicable here. 

Examples for Practice, 

(1) Find the difference of £325. 19*. 4f(f. and 
f 253. 18j. 65^.; and prove it. 

(2) Required the excess of BQtoTO. \^c:^V. ^^s^- 
23lbs. lloz. JOdrs. above STtona. llCYit. \cff- ^5\5o%-^^'«- 
14dr8,; and verify the result. 
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(3) Subtract 82lea. gmi. 5fur. 38po. froia 2MW 
Imi. 7fur. 26po.; and verify it - ^ / 

(4) Find the difference of I40gals. 3qts. Ipt and^i 
240gals. ; and prove it. '»*"•' 

(5) From 24days. 14brs. 46inin. 31 sec, take 4day8. " 
Slhrs. 18min. 52secs. ; and verify it 

(6) Take 14lbs. lloz. ISdwts. ipgrs. from Sllbs. 
lOoz. 9dwt$. 18grs. 

(7) Required the difference of 28lbs. 7oz. idr. 2scr. 
4grs. and 12lbs. 8oz. S^drs^ Iscr. 12grs. 

(8) What is the difference between 38ac. 31po. and 
21ac. 3ro. 34po. ? 

(9) Subtract Itun. 3hhds. 32gals. 4pts. of wine from 
2tuns. 2hhds. 

(10) Required the difference of l62qrs. Ibush. Ipk. 
and 127qrs. 4bush. 3pks. Igal. 



III. COMPOUND MULTIPLICATION. 

62. Rule. Place the multiplier under the lowest 
denomination of the multiplicand, and find the number 
of the next denomination contained in the first product : 
put down the remainder, if any, and carry the quotient 
to the second product, and repeat the process till all the 
denominations are multiplied. 

Ex. Multiply 35gals. 3qt8. Ipt by 7. 



Common Operation, 
gala. qta. pt 

35 . 3 . 1 



gals. 251 . . 1 the prod\ 



Reductions. 

pts. pts. qts. qt& 

2^ 7 4^ 24 

qts. 3 . 1 pt: gals. 6 . qt. 



and this may be proved by reducing 35gals. 3qts. Ipt. 
to pints, multiplying the result by 7j and then reducing 
tAe product to gallons^ &c. 
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* ^.a-^yhjn the multiplier exceeds 12, this process will 
V 9? ^*^o"i?"*> *^^ wc ™*y "se the following. 

* *j^]Sr To find the product of 3days. IShrs. 45niin. by 
* 4]L. we niay have either of the operations below : 



daya hrs. mln. 

3.18.45 

9x5+2=47 


daya 
3 


hrs. min. 

18 .45 

8x6-1=47 


34. 0.45 
5 


30, 


6. 
6 


170 . 3 . 45 
7 . 13 . 35 


181 . 
3, 


12 . 
18 .45 


177. 17. 15 theprod^ 


da. 177 


. 17 . 15 the prod*. 



Should this method require many factors to make up 
the multiplier, it would be better to reduce the multipli- 
cand to tne lowest denomination contained in it, to mul- 
tiply this result by the multiplier, and then to reduce 
the product back again. 

Examples for Practice. 

(1) Multiply f 358. 4*. 7|^ by 5 and 9. 

(2) Required the products of 49cwt 3qrs. 15lbs. by 
7 and 11. 

and 10. 



(4) 

(5) 

and 4. 



Find the products of 154yds. 2ft. lOin. by 6 

Multiply 58gals. 3qts. Ipt. by 8 and 12. 
Multiply 42wks. 5days. 23hrs. 42min. by 3 



(6) Multiply f 125. 15s, g^d. by 28 and 45. 
Answers : £3522. Is. Id., and £5660. 9*. 8^^- 

(7) Multiply £5S. ISs. I^d. by 51 and 83. 
Answers: £2750. 10*. U\d., and £4476. 7*. l\d. 

(8) Multiply 17cwt. 2qrs. 19lbs. 5oz.\>^ ^^ ^cA^^. 
Answers; 63ffcwt 23lb8. 4oz., and \a^^N«\- ^^*- 



13oz» 
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(9) Multiply ISlea. 2mi. 6fur. 25po. by 42 and 97. 

Answers: 585lea. Imi. 6fur. lOpo.^ and lS52lea. Imi. 
2fur. 25po. 

(10) Multiply 15qrs. 6busb. Spks. Igal. by 54 and k 
111. 

Answers: 856qrs. Sbusb. Ipk., and 1760qrs. Sbusb. 
Tgal. 

(11) Multiply 43days. 18hrs. 45min. by 77 and 147. 

Answers: 337ldays. Sbrs. 45min., and 6435days. 
SOhrs. 15min. 

(12) Multiply 5T . T . 45" by 4 and 6. 
Answers: 228^ 31'., and 342". 45'. 30". 

(13) What is the value of 72 reams of paper, at 
1 Ss. 8d, a ream ? 

Answer : £49. 4*« 

(14) Find the cost of 120 ounces of silver, at 
5s, S^d. an ounce ? 

Answer: £31. 17s. 6d. 

(15) Find the number of yards in 40 pieces of 
cloth, each containing 42yds. 2qrs. 2nls. 

Answer: 1705 yards. 

(16) Required the price of 279cwt. at £3. 7*. lOjc?. 
a cwt. 

Answer: £946. 17*. l^d. 

(] 7) If I spend £2. 7*« l^d. a. day, how much is that 
in a year of 365 days ? 

Answer: £860. 0*. l^d. 

(18) What sum will purchase an estate of 2120 
acres, when the price of each acre is £32. 5s. 6d. ? 

Answer: £68423. 

(19) If each of 114 persons receive £l. 18*. 6^d., 
what IS received by them all ? 

Answer : £219. 13s. 9<i- 
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(20) How many pounds of silver are there in a 
half-dozen of dishes, each weighing 51oz. lOdwts., and 
a dozen of plates each weighing 15oz. 15dwts. 22grs. ? 

Answer: 4llbs. 6oz. lldwts. 

• (21) If a wheel of 5yds. 1ft. Gin. in circumference 
make 64640 revolutions, what space will it pass over ? 

Answer : 202 miles. 



IV. COMPOUND DIVISION. 



63. Rule. Having placed the divisor and dividend 
as in integers, find how often the divisor is contained in 
the highest denomination of the dividend, put down the 
quotient ; and reduce the remainder, if any, to the next 
inferior denomination, adding to it the number of that 
denomination in the dividend, and repeat the division : 
so proceed through all the denominations. 

Ex. Divide 41wks. 6days. iphrs. by 11. 

Reductions, 
wk& 

1U41 



Common Operation, 
wk& days. hrs. 

11J41 .6. 19 

wks. 3 . 5 . 17 the quot^ 



wks. 3 . 8 weeks over : 



daya. days. 

11^62 = 8x7 + 6, 
days 5 . 7 days over : 

hra. hrs. 

11 J 187 = 7x24 + 19, 



hrs. 17. 



and the operation may be proved by that of multipli- 
cation. 

When the divisor is greater than 12, the process may 
be conducted as in Article (42), if it be a composite num- 
ber, and by long division, if it be incomposite. 

Ex. To divide £1478. 13«. 8|d. m\.o T[ ^^^^ '^^• 
tions^ we may use either of the aub^omed. uaaxSao^^ - 



46 



^Hii 



COMPOUND 


DIVISION. 






£. S. d. £. t. d. 




77; 


1478.13.81(^19.4.0} 

77 

708 

693 • 

15 


£. «. d. 




20 


7jl478.13.8| 




313 


\) 211. 4.9f .2 




308 


£19. 4.0f.44f.over. 




5 
12 

68 
4 

275 
231 



44f. over. 



The division may also be effected by reductions analogous 
to those alluded to in Multiplication. 

Examples for Practice, 

(1) Divide f 189- Ss. 4d. by 5 and 8. 

(2) Find the quotients of 182cwt 3qrs. 7lb8. by 
7 and 9. 

(3) Divide 1 658yds. ift. by 6 and 10. 

(4) Find the quotients of 238ac 2ro. 32po. by 8 
and 11. 

(5) Divide 13wks. 5days. 19hr8. 30min. by 3 and 4. 

(6) Divide 739 qrs. 4bush. 2pks. Igal. into 11 equal 
portions. 

(7) What is the twelfth part of 22wk8. 4 days. 
20hrs. 43min. 248ec. ? 

(8) Divide £1738. 12^. 7^d. by 18 ; and £1279- 13*. 
8^d. by 23. 

Answers: £96. lis. 9fd., and £55. VU, ^^ 
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(9) Divide 425ton8. 15cwt. 2qrs. 12lbs. by 27; and 
2374c wt Iqr. 12lbs. 12oz. by 38. 

Anwers: 15tons. 15cwt Iqr. idlbs., and 62cwt. 
Iqr. 261bs. 2oz. 

(10) Find the quotient of 136lmi. 4fur. 28po. by 28; 
and of 3179lea. Imi. 5fur. l6po. by 46. 

Answers: 48mi. 5fur. Ipo., and 69lea. 2fur. S6po. 

(11) If 41cwt. cost £52. 10*. J^d., what is the price 
of a cwt ? 

Answer: £l. 5s. 7 id. 

(12) What will be the price of lib., when Icwt. costs 
£137. 18*.? 

Answer: jEl. 4*. 7^^. 

(13) If a soldier's pay for a year of 365 days be 
£9* 2^* 6d.; how much is that for a day.^ 

Answer: 6d. 

(14) If a person's yearly income be £65. 12*. 6d,, 
and he lay by £20. a year ; how much does he spend 
each day.^ 

Answer: 2*. 6d. 

(15) If 145 sheep cost £169. 3s. 4c/.; what is the 
price of a score at the same rate? 

Answer : £23. 6s Sd, 

(16) A wheel makes 514 revolutions in passing 
over Imi. 467yds. Ift; what is its circumference? 

Answer: 4yds. 1ft. 

(17) If a person complete a journey of 422mi. 3fur. 
38po. in 37days; what distance does he travel each day? 

Answer: 11 mi. 3fur. 14po. 

(18) If 8 packages of cloth, each consisting of 4 
parcels, each parcel of 10 pieces, and each piece of 26. 
yards, cost £6656. ; what is the price of a yard ? 

A ns wer : 1 6 shillings. 

(19) If the clothing of 754 soldiers come to fc^VV^. 
1 1*. 7^. ; how much is that for each iciaxi'^ 

Answer : £4. 4*. S|d. 
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(20) A vintner bought ISSgals of wine at 10^. a 
gallon, of which he retained ISgals. for his own use: at 
what rate per gallon must he sell the remainder^ that he 
may have his own for nothing ? 

Answer: Us. 6d. 

(21) A ship's crew of 50 men have a supply of 
water for SO days at 2 quarts a head: if they lose 125 
gallons^ and find that they will be 50 days at sea, what 
must be each man's daily allowance? 

Answer: 1 quart 

64. The multipliers and divisors in the last two 
rules have been regarded as abstract numbers: and 
though it is impossible to determine the product of two 
concrete quantities as such, the quotient of one concrete 
magnitude by another of the same kind will be an 
abstract number, being merely the number of times one 
of them must be repeated to make up the other. See 
the Appendix, 

Ex. The sum £263. Ss. 11 ^d. is distributed equally 
among a number of persons, so that the share of each 
is £37 • 12*. 8^d.: find the number of persons. 

Here, the dividend = 252910 farthings : 
and the divisor « 36130 farthings : 

whence, the quotient is found to be 7, by common divi- 
sion : or, £37' 12*. S^d, being repeated 7 times, amounts 
to £263. 8*. U^d., and the number of persons is 7. 

Hence, one concrete magnitude may be a measure 
or a multiple of another of the same kind. 



CHAPTER III. 



THE RULE OF THREE, 

SOMETIMES CALLED THE GOLDEN BULE. 

65. Def. The object of the Rule of Three is, by 
means of three quantities given, to determine a fourth, 
'which shall be die same multiple, part or parts of one 
of them, that one of the remaining quantities is of the 
other ; and it therefore follows that the operation, by 
which this may be accomplished, will depend upon those 
of Multiplication and Division already considered. 

Ex. 1. If lib. of any commodity cost Ss. 4^^., it is 
required to find the price of 12lbs. 

Here, it is evident that the required price will be the 
tome multiple of Ss. ^d,, that 12lb. is of lib., which may 
therefore be found by Multiplication : thus, 
t. d, 

3 . 4^ = the price of lib. 
12 

£2 . . 6 = the price of 12lbs. : 

and this result may be obtained by means of a Slate- 
fnent and Operation in the following form : 



lb. 


lbs. 


g. 


d. 


1 : 


: 12 


:: 3 . 
1 2 


H 



40 
4 



162 
I 2 



4 J 1 9 4 4/. 

2,0^4,0.6^. 

£2 . . 6, as bft€at«i» 



60 THE RULE OF THREE. 

Ex. 2. If 11 bushels of wheat cost £4. 2j. ll^cf., 
what sum must be paid for 45 bushels ? 
In this instance, we have, by Division, 
£. s. d. 
11J4 . 2 . 11^ 

£0.7. 6i = the price of 1 bushel: 

and the required price will then be obtained by MuUipli- 
catim as below : 

£. s. d. 

. 7 . 6i 

9x5 = 45 

3. 7 . 104 
5 



£16 . 19 . 4^ » the price of 45 bushels : 

but we shall arrive at the same conclusion by conduct- 
ing the solution of the question in a form similar to that 
of the last example : thus. 



bush. 


buuh. £• *• 


d. 


11 


: 45 :: 4.2. 
20 

82 
12 

995 

4 

3982 
45 


Hi 



1991 


15928 


IU17919O 


4; 16290/. 


12J40 7 2^ 


2,0^3 3,9.4 


£16 , 19 . H : 
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and it is easily seen that this sum is the same multiple 
and part of £4. 2*. llgi/., as 45 is of 11. 

66. Proper attention to the processes here employed 
will enable us to embody their substance in the following 
general Rule. 

RULE OF THREE. 

For the Statement. Of the three quantities proposed, 
put down as the last on the right hand^ that whicn is of 
the same kind^ or under the same circumstances as the one 
required ; and the greater or less of the two others in the 
second place, according as the required one ought, from 
the nature of the case, to be greater or less than the last ; 
and the remaining one in the first place. 

For the Operation. Reduce, if necessary, the first and 
second terms to the same denomination, and the third to 
the loroest denomination contained in it: multiply to- 
gether the second and third terms^ thus reduced, and 
the quotient arising from the division of the product by 
the first, will be the quantity required, expressed in 
tlie denomination to which the last term was reduced i 
and it may be had in other denominations by the proper 
divisions or multiplications. 

It is sometimes necessary to consider what prepa- 
ration may be required before the rule is applied : and 
when the statement is made, the first, and the second or 
third terms may be divided by any factor common to 
them, either before or after the reductions,* without affect- 
ing the result, inasmuch as no alteration is produced 
from Multiplication and Division by the same number. 

Examples, 

(1) If 4cwt. 3qrs. lOlbs. cost £30. 9s. grf., what is 
the price of 12lbs.? 

Here, what is required being money, the last term of 
the statement will be £30. 9s. 9d., since it is of the same 
kind: and because the price of 12lbs. must manifestly be 
less than that of 4cwt. 3qrs. lOlbs., the second term 
i&ust be ISlbs., and the Jirst will be 4cwt« Sojt^. VS?ia^.^ 
that is, the statement and operatioii w\Xi\>e is i<J^oN«%. 
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4. 
4 

19 

2 8 


qrs. 

3. 


lbs. Iba. £' s. d» 

10 : 12 :: 30 . 9 -9 
20 

609 
1 2 


162 
58 


7 3 17 
1 2 


542 


542^87804(^1 62 
542 




3360 
32 52 




1084 
1 084 



and the answer will therefore be l62 pence, because 
the last term has been reduced to that denomination ; or 
the price required = l62d. = I3s, 6d. 

(2) The rental of a parish being estimated at 
£3760. 5s^ what sum will be raised by a rate of 8^ in 
the pound ? 

In this case all the quantities concerned are of the 
same kind, but the answer required being rate will be 
under the same circumstances as 8^^.; and the statement 
and operation will therefore be 

£. £. *. d. 

I : 3766 . 5 :: 8 
20 20 



20 75325 



that is, 20:75325:: 8; 
or, 4 : 1 5 6 5 :: 8, 
by dividing the Jirst and second terms by 5 : 

or, 1 : 1 5 6 5 :: 2, 
by dividing the Jirst and third terms by 4 : 

and by these steps the number of figures used 13 much 
dimlnisbed; so that we have the opetaXion, 
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1 : 1506 5 :: 9. 
2_ 

12j3 1 3 Orf. 



2,0)2 5 hO.lOd. 
£l 2 5. 10*. 10c?. 

These two instances following out the rules given 
for the Slatemenl and Operation^ are regarded as exem- 
plifications of the Rule of Three Direct^ because less 
requires less, and more requires more, 

(3) If a person can walk 300 miles in 8 days of 
7hr8. 30min. each ; in how many days can he do the 
same, when lOhrs. of each are available for the purpose ? 

Since days are here required, and the number of days 
is necessarly less as the number of hours employed in 
each is greater, we shall have, 



hrs. hrs. min. 

10 : 7 . 30 
60 60 

6 4 5 


days. 

:: 8 


tis, 600 : 450 :: 8; 


or, 6 0: 


4 5 :: 8, 


or, 2 0: 


1 5 :: 8, 


or, 4 : 


3 :: 8, 


or, 1 : 


3 :: 2, 




2 

6 days. 



The reasons of the steps above taken are obvious, being 
similar to those in the preceding example, which are given 
at length, and the answe]^ is 6 days: the distance 300 
miles has not been taken into the consideration, because 
it is common to both conditions, and implies nothing more 
than the same or an equal distance or journey, whatever 
it might be, as may easily be made to appear ; for, 8 days 
of 7hrs. 30min. each, give 60 hrs. for completing the 
journey of 300 miles, so that he walks 5 miles an hour : 
and in 6 days of lOhrs. each, he would ^msY^. \3s\^ ^«os\^ ^jX 
the same rate: and this rate the 800 m\\e% \v«& et\^Jc^^^ 
us to £nd, hut it has nothing to do w\t\i O^e questVon. 
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(4) What length of carpet 2ft. Sin. wide, will be 
required to cover a room which is 27ft. 6in. long^ and 
22ft. 6in. wide ? 

The length of the piece of carpet being required, we 
shall have the statement and operation as follows : 

ft in. ft In. fl, in. 

2.3 : 22.6 :: 27.6 
12 12 12 



2 7 : 270 
or, 1 : 10 



:: 33 

:: 3 30 
1 




1 2 J 3 3 in. 

3;2 7 5 ft. 




9 1yds. 


2ft. 



These two examples may be said to belong to the 
Rule of Three Inverse, from the circumstance that more 
requires less^ and less requires more : but as the rules for 
the Statement and Operation above given are universal^ 
it does not seem desirable in this part of Arithmetic to 
make any distinction between the Rule of Three Inverse^ 
and the Kule of Three Direct, 

(5) A person gives away annually £20. in charity, 
and his weekly bills amount to £7. 10*. : what additional 
daily expenditure may he incur with an income of 
£592. 10*..^ 

For the annual amount of his weekly bills, we have 

wk. wks. *. «. 

1 : 5 2 :: 7 . 1 
or, 1 : 5 2 :: 1 5 0*. 
52 

300 
750 



2,0 J 7 8 0,0*. 
£390. 
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therefore^ his charity and weekly bills amount to £20. 
together with £390., which is £410.: and he has the 
excess of £592. 10*. above £410. which is £l82. 10*. 
left to be expended in 365 days : 

daya. day. , *• *• 

whence, 36 5 : 1 :: 18 2.10 

20 



36 5)3 6 5 0{l0s. 
3650 



and consequently he may spend 10*. a day. 

Considerations of the nature of those here introduced, 
are generally simple in their character ; and with a little 
attention, the rule we are discussing may be made avail- 
able for conducting most of the ordinary affairs of man- 
kind ; as far, at least, as they depend upon the connec- 
tion implied by the expression. Cause and Effect. 

Examples for Practice^ 

(1) Required the price of 450lbs., at 4*. S^d, a lb. 

Answer: £l05. 18*. 9rf. 

(2) Find the amount of a servant's wages for 215 
days, at 2*. 4^ a day. 

Answer: £25. 6*. Ifcf. 

(3) A person's salary is £191. 12*. 6i. for 365 days: 
in how many days will he have a claim for £31. 10*. ? 

Answer : 60 days. 

(4) If 25cwt. 2qrs. cost £7. 6s. 7id., how much is 
that for Icwt.? 

Answer : 5*. 9^- 

(5) Required the price of 4cwt. Iqr. 4lbs. 8oz., when 
lib. costs 7*. lO^d. 

Answer: £189- 3*. 11 ^^f. 

(6) If 6yds. 3qrs. cost 5*. 3d., how much will 73yds. 
2qrs. cost, at the sa.me rate ? 

Answer: £2. 17*. 2cf. 

(7) If an artificer earn £19. 1*. in 20 d«5^\ xcv 
what time will he earn £23. l6s. ^d.\ 

Answer: 25 days. 
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(8) If a person walk 2l6 miles in 7 days of l6 
hours each, in how many days of 12 hours each can 
he do the same? 

Answer : 9 days, 4 hours. 

(9) If 90 English degrees be equivalent to 100 
French degrees, how many English degrees^ &c. will be 
contained in 654i French degrees ? 

Answer: 588deg. 36min. 

(10) If 1 Tells. Sqrs., each ell containing 5qrs., be 
bought for £6. 17s. 6d.: how much must be paid for 
18yds.? 

Answer : £5. 12*. 6d. 

(11) If 1000 sovereigns weigh Sllbs. 5oz. I6dwt8. 
6grs., what weight of gold will be contained in 384 
sovereigns? 

Answer: 8lbs. 3oz. 

(12) How much wheat can be purchased for £55. 
Os. 3d., at the rate of 6s. 9|rf. a bushel ? 

Answer : 20qrs. 2bush. 

(13) If a farm of 375 acres, be let for £401. Us. 3d. 
a year, what is that for each acre ? 

Answer: £l. 1*. 5^. 

(14) If lodgings be let at 13s. 6d. a week, what 
will the demand amount to for 273 days? 

Answer: £26. 6s. 6d. 

(15) Required the price of 36cwt. Iqr., when 2cwt. 
2qrs. lOlbs. cost £4. 7*. 9id.} 

Answer: £6l. 9*. Id. 

(16) If a servant's wages be £30. 0*. 8|rf. a year, 
what will be his demand for a service of 338 days ? 

Answer: £27- l6*. 3^^. 

(17) If a person can walk 3mi. 6fur. 25po. in an 
hour, in what time will he complete a journey of 99mi. 
4fur. lOpo? 

Answer: 26 hours* 

(18) What is the cost of 19bar. 24gals. 3qts. Ipt. of 
beer, at 3^d. a quart ? 

Answer: £41. 7*- 0\d. 
(19) I£ the carriage of 3cwt. acjra. \4^\>%, ?ot 5\ 
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miles come to 18*. 5^(1.; what will be the charge for 
carrying lOtons. 3cwt the same distance ? 
Answer: £51. 12s. 6d. 

(20) A bankrupt owes £3840.^ and his whole pro- 
perty amounts to no more than £S28.: what dividend 
will his creditors receive in the pound ? 

Answer : 4j. S^d. 

(21) At the rate of 11*. 7^d. in the pounds what is 
the sum paid by a bankrupt for a debt of £2735. 10*. ? 

Answer : £l590. 0*. 2^^. 

(22) If a labourer earn 2*. a day when wheat is 
at 8*. a bushel^ what ought he to earn when wheat is 
at 6s, a bushel? 

Answer: 1*. 6d. 

(23) If a tradesman gain 1*. 4^. on an article which 
he sells for 5s, 6d., what does he gain on every £lOO ? 

Answer: £25. 

(24) If 15 workmen can do a piece of work in 25 
days, in what time can 25 men do the same ? 

Answer: 15 days. 

(25) How much in length, that is, 3ft pin. Inroad, 
will be equivalent to 37ft. 9in. in length, which is 7ft. 
6in. broad? 

Answer: 75ft. 6in. 

(26) If 69yds. of carpet 3qr8. wide, cover a room 
8yds. 2qrs. 2nls. long ; find the width of the room. 

Answer : 6 yards. 

(27) If by paying down £89- 2*. 6d., 1 become 
entitled to £3. a year, what income shall I derive from 
disposing of £l002. 13*. l^d,, in the same way ? 

Answer: £33. 15*. 

(28) What will be the purchase-money of an estate 
producing a rental of £3223., at the rate of £2. 15*. 
for every £100.? 

Answer: £117200. 

(29) tf a person's annual income be 650 guineas^ 
how much will he have saved at the eud. o^ \3ci^ >i^'as> 
after spending £lO. 13*. 9^d., a 'week.'i 

Answer: £126, ISs. lOd. ^ ^ 
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(30) What may a person having an income of jBlOOO. 
a year, spend daily, so as to lay by £434?. 5s, yearly. 

Answer: £l. 11a?. 

(31) If I lend a friend £250. for 6 months, how long 
ought he to lend me £lS7* 10;., to requite the kindness? 

Answer : 8 months. 

(32) What is the tax upon £302. Ss, 7tf., when 
£429. 8 J. Sd, is rated at 13 J. 6d,} 

Answer : Qs. 6d, 

(S3) If the rate levied upon a rental of £763. 15s. 
amount to £l33. 13;. 1-^d,, how much is it in the pound? 
Answer : 3s. 6d. 

(34) A person buys 136yds. of cloth for £l50., and 
retails it at £l. 18;. a yard; what does he gain by the 
transaction ? 

Answer: £108. 8s, 

(35) A person's daily income is £l. 15;., and his 
quarterly expenditure is £l35. 10;.; how much will he 
have saved at the end of 9 years ? 

Answer: £870. 15;. 

(36) If a gentleman spend £l52. 10;. every week ; 
what must be his daily income that in 15 years he may 
lay by £7522. 10;.? 

Answer: £23. 2;. 

(37) A person bought 180 gallons of wine for £125. : 
find the quantity of water to be added that he may retail 
the mixture at 12;. 6d. a gallon. 

Answer : 20 gallons, 

(38) If an estate produce £l680. a year, and the 
land-tax be payable upon this sum at 3;. 6d, in the pound: 
what is its clear annual value ? 

Answer: £1386. 

(39) When a bankrupt's effects pay three dividends 
of 4;. 24(/., 3s, 2\d,y and 2;. 4^d in the pound : what do 
his creditors lose upon his entire debt, which is £4265.^ 

Answer: £2185. 16;. 3d. 
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(40) A person bought 125 yards of cloth, at the 
rate of 2 yards for 5s,, and 125 yards at the rate of 3 
yards for 5s.: what will he gain or lose by selling the 
250 yards at the rate of 5 yards for 10^. ? 

Answer : He will lose £l. Os» lOd* 

67* Questions frequently pccur, in which it is neces- 
sary to repeat the process just explained, and they are on 
this account said to belong to the Double Rule of Three :■ 
but we shall here adapt what has already been done, to 
the solution of a single example, which will be sufficient 
to point out the steps to be pursued in every other in- 
stance. 

Ex. If a person travel 300 miles in 10 days, when 
the day is 12 hours long; how many days will it take 
him to travel 600 miles, when the day is 15 hours long? 

We here give two solutions, each of which depends 
upon the last Article. 



First Solution. 



ml 

300 



6 0:: 10 
1 



3,0 0^6 0,0 

2 days, in 

which he will travel 600 
miles, when the days are 
12 hours long: 



hrs. 

1 5 



hra. 

1 2 



days. 

20 



20 



1 5^ 2 4 

1 6 days of 

15 hours each, in which 
he will travel 600 miles. 



Second Solution. 



hrs. 

1 5 



hrs. 

1 2 



day& 

1 



1 

1 5^1 20 

8 days of 

15 hours each, in which 
he will travel 300 miles: 



mi. 

3 00 



mi. days. 

6 :: 8 

8 



3 J 4 8, 

16 days of 
15 hours each, in which 
be m\\ txa.'^^ ^^ TsSia"^ 
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Examples for Practice. 

(1) If the expenses of 7 persons for 3 months amount 
to 70 guineas ; what will be tne expenditure of 10 persons 
for 12 months at the same rafe? 

Answer: £420. 

(2) If 10 horses consume 7bush. 2pks. of oats in 
7 days; in what time will 28 horses consume Sqrs* 
6bush. at the same rate? 

Answer: 10 days. 

(3) If 10 men reap 20 acres of corn in 4 days; how 
many men can reap 70 acres in 10 days, at the same 
rate of labour ? 

Answer : 14 men. 

(4) If 48 men can do a piece of work in l6 days 
of 9 hours each: in how many days of 12 hours each 
will 64 men be able to do a piece of work three times 
as great? 

Answer : 27 days. 

(5) If the carriage of IScwt. 2qrs. iplbs. for 35 
miles come to £4. 17*. ^d.; what must be paid for the 
conveyance of 41cwt lib. for 49 miles? 

Answer: £20. Qs. 6d. 

(6) If £20. in trade gain £l6. in 15 months, what 
sum will gain £24. in 3 months, at the same rate ? 

Answer: £l50. 

(7) If 12 men can perform a piece of work in 20 
days ; required the number of men who could perform 
another piece of work four times as great in a fifth part 
of the time. 

Answer: 240 men. 

(8) If with a capital of £lOOO., a tradesman gain 
£lOO. in 7 months, in what lime will he gain £60. 10*., 
with a capital of £385. ? 

Answer : 1 1 months. 



CHAPTER IV. 



THE DOCTRINE OF FRACTIONS, 

USUALLY TERMED YULGAB FBAOTIONS. 

68. Def. All whole numbers or Integers, being 
supposed to be formed by the repetition of the unit, may 
therefore be regarded as the result of the multiplication of 
that element ; but if the unit be considered capable of 
division into any number of equal portions, the quantities 
thence arising must be viewed in the light of broken 
magnitudes ; and these are therefore termed Fractions^ 
or more generally. Vulgar Fractions ^ in order to distin- 
guish them from fractions of a different form^ whose 
nature will be discussed in the next chapter. 

NOTATION AND NUMERATION OF FRACTIONS. 

69. Def. 1. If we suppose the unit to be divided into 
% 3, 4, 5, &C., equal portions, one of the portions in each 
case is represented by i, J, ^, ^, &c., which may be re- 
garded as the primitive Fractions of their respective deno- 
minations, and are called the Reciprocals of the natural 
numbers, 2, 3, 4, 5, &c. : also, the fractions ?» i, i> i, 
&C., are read, one-rhalf, one-third, one-fourth^ one-fifth^ &c. 

70. Def. 2. If two or more of these equal portions 
be taken together, the aggregates thence arising are ex- 
pressed by repeating the unit as often as such portions 
are repeated, m the /orm of their sum, the number below 
the line remaining the same. 

Thus, if the primitive fraction \ be taken twice, there 
will arise a new fraction expressed by f : if i be repeated 
thrice^ there results a new fraction expressed by f : again, 
if ^ be taken four times, the new fraction will be ^; and 
similarly of all the other primitive fractions : aUo^^Xsa 
fractions f , f , t, &c., are read two-thirds, tKree-JouxlVs^ 
/our-^fi/fhs. &c. : and all quantities o£ \ii\ft JForm «t^ C3^«^ 
Sirnp^ Fractions. 
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71. Def. 3. Hence, the number heUm the line 
denotes the number of equal portions into which the 
unit is supposed to be divided, and is therefore called the 
Denominator ; and the number above the line expressing 
the number of such equal portions intended to be taken^ 
is therefore termed the Numerator. 

Thus, of the fraction f , whose Terms are 5 and 7, the 
denominator 7 implies that the unit is supposed to be 
divided into seven equal portions ; and the numerator 5 
shews ihaXjive of such equal portions are here the object 
of our consideration : and hence it is also manifest, that 
the integer 5 is 7 times as great as the fraction f ; and 
5 may therefore be expressed in a Fractional Form by f , 

72. From the last Article it follows, that if the 
numerator be less than the denominator, the value of 
the fraction is less than the unit ; if the numerator be 
equal to the denominator, the value of the fraction is the 
unit ; and if the numerator be greater than the denomi* 
nator, the value of the fraction is greater than the unit 

73. Dep. 4. If the numerator be less than the de- 
nominator, the fraction is termed a Proper Fraction; 
but if the numerator be greater than the denominator, it 
is called an Improper Fraction: also, if the terms be 
equal to one another, we have merely the representation 
of the unit in the^brm of a fraction. 

Thus, f is a proper fraction, ^ is an improper frac- 
tion, and ? is a representation of the ttnit in a fractional 
form, being of the same value as f , f , &c. 

74. We are hence enabled to find the results of the 
multiplication and division of a fraction by an integer, 
and these may be integers or fractions. 

If the fraction ^ be multiplied by 3, the product 

is evidently = ■— ; because in — -, three times as 

many parts of the unit are implied, as there are in ^. 

If the fraction ^ be divided by 5, the quotient will 
2 2 
be - — r= Q-«' l>ecause the same numbers of parts are 
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indicated in f and ^, and each part in the former is Jive 
times as great as each part in the latter, by Article (71)- 

Hence, to multiply and divide a fraction by a whole 
number, we have only to multiply the numerator and 
denominator by it, respectively. 

75. What is called a Compound Fraction^ may be 
replaced by a simple one, by similar reasoning. 

A Compound Eraction is made up of two or more 
simple fractions connected by the word o/) as J of ^ of f : 

now, -of- = --^5 = 3^ 
,4,66 24 by the last Article: 

and ■rof-=7rxx4 = -- 
5 7 35 35* 

whence, J of f of f is evidently the same as 

1 ^ 24 _ 24 24 

S^ 35'^35 ' "105' 

a simple fraction of the ordinary form : that is, 

1 ^4 ^6^ 1x4x6 24^ 

3^ 5 ^ 7~3x5x7""l05* 

and from this, we infer that a compound fraction is 
equivalent to the simple fraction formed by multiply- 
ing together respectively the numerators and the de- 
nominators of its constituent simple fractions. 
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76. If the numerator and denominator of a Jr action 
be multiplied or divided by the same number^ the value of 
the fraction will not be altered. 

For, if the fraction f be multiplied by 5, the pro- 
duct is ^\ and again if this be divided by 5, the 
Suotient is Jf, by the last Article but one: but since 
lese two operations are the reverse of, and therefore 
neutralize, each other, it follows that 

315 3jc^. 
7 ""35*7x5' 
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mid also, that 

15 3 15^5 
35 ■" 7 ~ S5 -^ 5 • 

Hence, a whole number may be expressed in the form 
of a fraction with any denominator we please : thus, 

■ 5 10 15 20 ^ 

Also, a fraction may be transfoAned into another 
with a given denominator, provided it be a multiple of 
the denominator of the proposed fraction : thus, J may be 
transformed so as to have 96 for a denominator, because 





7 
8 


7x 
= 8x 


12 
12' 


84 


5 
8 


. 20 


_5 
2 


x4 
x4 



77* Since 

5 
2' 

for the Multiplication of a fraction by an integer, it appears 
to be immaterial whether the numerator be multiplied, 
or the denominator be divided, by it : and inasmuch as 

8 8 2x4 2^ 

9 * '^ 36' - 9 X 4 ■" 9 ' 

for the Division of a fraction by a whole number, it 
amounts to the same thing whether we divide the nu- 
merator, or multiply the denominator, by it. 

78. A quantity made up of' two others, one of which is 
an integer and the other a jraction, may be represented in 
the form of a Jraction alone. 

Let us take 3f , which is called a mixed quantity, 
and is intended to express the integer 3 and the frac- 
tion i taken together, and is read three and four-ffihs : 
then, since 

3 3x5 15 
l~lx5""5' 

the mixed quantity 3^ is equivalent to ^ and i taken 
together, or, to ^ by Article (70): and this operation 
put in the Jfbrm, 
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^. 3x5 + 4 15 + 4 19 

gives the following Rule. 

Rule. Multiply the integer by the denominator of 
the fraction : to the product add the numerator, and the 
result will be the new numerator, which placed over the 
denominator will form the improper fraction required. 

Ex. Represent 121 3^ and S44|J^ as improper frac- 
tions. 

3 4,m 



1331 + 5 1336 



11 11 



29 



3096 
68 8 
24 

10000 



2 9 

or, and are the fractions required ; and the 

second operation is made to differ in Jbrm from the first, 
only because the denominator in the latter quantity is 
beyond the extent of the Multiplication Table. 

Examples for Practice, 

(1) Express the mixed quantities 2f , 5f , 12t^. and 
54r^ as improper fractions. 

(2) Put into fractional forms, the mixed quantities 
41^^, 123^, 275ff and 374^. 

79. Hence, a compound fraction formed of mixed 

quantities, may by Article (75) be put in the form of 

a simple fraction. 

Tu 02 r IT, 8 ^ 31 8 X 31 248 124 
Thus, 2fof5J = -of^=_g- = — = — . 

Examples for Practice. 

Exhibit f of 3J; 4| of f ; J of f of 12j, and 15^ 
of 81^ of 13^, as improper fractions. 

80. By means of the preceding Articles, what is 
called a Complex Fraction may be transformed into «. 
simple fraction. 



66 TRANBFOBHAHON OF FRACTIOKS. 

n 11 
Thus ^=±-1—11^11^=^ 

' 3f 29 "29 ^0^5 29x5 145' 
If y 

a simple fraction^ obtained by multiplying the numerator 
and tne denominator of the complex fraction^ when ex- 
pressed as improper fractions^ by the product of the 
denominators : and this is most easily effected by placing 
them in different orders, as above. 

Ex. Simplify the expressions — ^ and — ^ of -^ . 

52 
^ 9 ^^^^^ _52x 11 I X 11 n^ 

^^^' 9A^ 104 ,, ^ ■" 104 X 9 " 2 X 9 " 18 • 
-jY X 11 x9 

, 6f ^ 8f _ 58 X 14 ^ 61 X 5 ^ 5 
^ ISiJt^ 23j""l83x9® 116x7 "27' 
The numerators and denominators should in the prO' 
gress of the operations, be divided by such common . 
factors as may be found by inspection. 

Examples for Practice. 
(1) What are the simple fractions equivalent to the 
complex fractions |. li, ^ and ^? 

. 95 84 16 . 138 

Answers: j^., — . ^jand^. 

(«) Simplify I of ^,and5fof^of^^ of |. 

Answers: — - and -. 
oS 4 

81. A quantity in the form of an improper foaction, 
may he expressed by a mixed quantity. 

We see immediately that ^ is equivalent to — - — , 

8 o 

or, to ^ and f taken together : but -^ is equal to the 

integer 4, and therefore the Tequired mixed quantity 

wJH be equal to the integer 4 and \he -^to^t ^tv^^ksh 
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f taken together, which is sometunes expressed bj 
4 + g, but generally in the form 4|. 

This process is evidently the same thing as dividing 
the numerator and denominator by the denominator, 
and noticing the remainder of the former: thus, for the 

improper fractions ^ and ^^, we may proceed ac- 

1 L ox 



cording to the forms) 
I 1)3 27 



3 1^9 99 9 (3 2 2Jf 
9 3 

69 
62 



79 
62 



which are both implied in the following Rule. 

Rule. Divide the numerator by the denominator, 
and the quotient will be the integral part; and the 
fractional part will be formed by placing the remainder 
over the denominator. If there be no remainder, the 
fraction is equivalent to the integer thus found. 

Examples for Practice. 

(1) Find the mixed quantities equivalent to 

7 19 38 149 ^. 199 
3' Y' "9' TT "^"^l^^- 

/ON 17 440 2417 3797 ,30471 . , 

(2) Express — , -^ , -^ and -^^, as mixed 

quantities. 

5 isl- 
es) Represent J of f of 6|, and ^ of — ^, in the 

forms of mixed quantities. 

82. A fraction may he reduced to its lowest terms^ by 
dividing its numerator and denominator^ by their greatest 
common measure. 

For, since the value of a fraction \s t\o\. ^^^^V*^^ 
dividing Its terms by any factor comixxoxi to tJawca.^^^^^^^ 
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it will necessarily be expressed in its lowest or simplest 
terms^ when that factor is their grea/e^^ common measure. 

If the greatest common measure be 1, the fraction 
is already in its lowest terms. 

Ex. Express the fraction ff^ in its lowest terms. 
By Article (52), we have 

8 25 



I 3 5)82 5(6 
8 10 



15)13 5(^9 
1 35 



«o that 15 is the greatest common measure: whence, 
•dividing the terms of the fraction by it, as follows : 



1 5; 8 2 5 Q5 5 

75 

~~75 
75 



1 5)960(^6 4» 
90 



60 
60 



we have ff for the equivalent fraction expressed in the 
least terms possible. 

The terms of the original fraction are equal multiples^ 
or equimultiples^ of those of the reduced one. 

83. In many instances it is unnecessary to find 
the greatest common measure at Jirsty the fractions being 
reducible to lower terms by successive divisions of the 
numerators and denominators by common factors dis- 
<:overed by inspection. 

Thus ^9^^ ^ ^^84 ^ 1242 ^ 621 ^ 207 ^ 69 
" ' 5904 2952 1476 ~ 738 " 246 " 82 ' 

from three successive divisions of the numerator and de- 
nominator by 2, and then from two successive divisions 
by 3 : and these are the terms which would have been 
obtained from dividing at once by 72, which is their 
S^eatest common measure. 
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This Step may be advantageously used, when the terms 
are large^ to diminish the labour of finding the greatest 
common measure by the general method. 

Examples fm* Practice. 

/,N 17- J ^u 1 c 9 63 147 435 , 

(1) Fmd the values of -. — , — , — and 

— in their lowest terms. 
999 

. 3 7 7 5.5 

Answers:-, ^, -, jj and -. 

(2) Express in their simplest forms, the fractions^ 
3094 3444 5239 5565 , 7568 

3042' 3556* 6076' 8533 *" 9504* 

. 119 123 169 15 , 43 

Answers:—, — , — g, ^ ^nd -. 

(3) Find the simplest fractions expressive of the 

.' ^ 13667 13478 8398 43365 .48510 

values ot ^^^gg, ^^^, g^gg^, ^^ggg and ^^^^. 

Answers : r~ , -- , - , -^ and -- . 
82' 57 7 304 99 

(4) Simplify as much as possible the fractions, 

1105 20301 714285 109375 , 135795 

35581' 33633' 999999* 1000000 ^ 222210' 

. 50 67 5 7 . 11 

Answers ^, — , -, gj and -. 

84. Two or more fractions having different denomi^ 
nators, may he transformed into equivalent fractions having 
a common denominator. 

Let it be required to express ^, f and ^ with a com-* 
mon denominator ; then, since the continued product of 
the denominators is 2 x 5 x 7, we have 

1 1x5x7 ^ 35. 
2""2x5x7''70* 
2_ 2x2x 7_^8, 
^'Sx^xT" 70' 
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3^ 3x2x5 30 
7""7x2x5*'70 

so that tJ, ?f and ?g are the new equivalent fractions 
with the common denominator 70 ; and the steps taken 
are comprised in the operations here subjoined : 

first, 1 X 5 X 7 «= 35] 

2 X 2 X 7 = 28 1 the new numerators : 
3x2x5=30] 
and 2 X 5 X 7 = 70, the common denominator: 

wherefore the equivalent fractions are ^, ^ and fj, as 
above : and hence we derive the following Rule. 

Rule. Multiply each numerator by all the denomi. 
nators except the one placed under it^ for the new nume- 
rator : and multiply all the denominators together for the 
common denominator. 

85. If two or more of the denominators have a 
common measure, the equivalent fractions may be ex- 
pressed in simpler terms than obtainable by tne Rule, 
and still having a common denominator : thus^ if the 
fractions be ^, | and |, w^ have from Article (54), 

2x3 ^ j6x4 ,^ 
-^p = 6, and-Y- = 12, 

the least common multiple of the denominators: then, 
11x6 6 



2 2x6 12 
2^ 2x4 ^ 8 
3"'3x4~12 
3^3x3^ 9 
4 4x3 12) 



• are the equivalent fractions. 



with the least common denominator 12 ; and the new 
numerators are here obtained by multiplying those of 
the fractions proposed by the quotients arising from its 
division by their respective denominators. 

Fractions may be compared by means of this rule : 
and we see that mixed quantitiesy compound atidi complex 
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fractions must be reduced to simple fractions, before it 
can be applied. 

Examples for Practice* 

(1) Bring f and ^ ; \ and f ; f and ^, respectively, 
to common denominators. 

10 12 9 14 33 36 
Answers: — , — ; ^^, ^^; ^^, ^^. 

(2) Reduce to, or express with, a common denomi- 
nator, |, ^ and ^ ; also, |, f and ^. 

35 56 60 , 154 ^ _84 

Answers: — , — , — , ana ^^^ , ^^^ , ^^^ . 

(3) Express with a common denominator, the frac- 
tions, J, ij h and ^. 

^ 195 260 234 ,270 

Answer: — — , — — , ^^7777 and —— . 
390 390 390 390 

(4) Change the forms of 1^, 2J and S\ into those of 
improper fractions with a common denominator. 

140 231 J 330 
^"^^^'•105' 105 "^^105- 

(5) Reduce i, 2f and 3^^ to fractions having a 
common denominator. 

. 396 1265 , 1575 

^"^^^'^ W5' 49^ ""^195-- 

(6) Put 7, f, 10^ and 26f into fractions of tbe same 
denomination. 

. 4312 385 6720 , 16104 

Answer: -gyg", ^g. 676" ""^ -gTe" ' 

(7) Transform §, f and § into equivalent frae- 
tionsj with the least common denominator. 

16 18 , %\ 
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(8) What are the fractions having the least com^ 
mon denominator^ which are of equal values with It^^ 
H andff? 

. 165 95 ,96 

Answer : . and , 

105' 105 105 

(9) Reduce J, f, /j and ^^ to the least common 
denominator. 

. 12 8 15 , 14 

Answer: ^, ^, gg^^sg' 

(10) Exhibit f, ^, JJ and f|, as fractions having 
the least common denominator. 

. 36 54 6S , 75 

^"^^""^^ 84-84' 84^^84- 

(11) Reduce ^ ^, uV ^^^^ A> so as to have the 
least common denominator. 

140 105 _80_ , 28 

^°^'^^''- T680' 1680' 1680 '''''* 1680- 

(12) Represent 1^, 3 J, 4j, and 6^ in the fewest 
figures, so as to have a common denominator. 

. 18 40 51 , 74 

^"«^"'= 12' 12' i-2^^^12- 

(13) Express with the least common denominator^ 
i h h i and |. 

. 30 40 45 48 , 50 

^^^^"^^ So' 60' 60' 60 "^^60- 

(14) Reduce -;f , 8J, r- and 16} J-, to fractions 

• 9x- 

with the least common denominator. 

. 12 297 400 , 610 

^^^^^'^ 36' -36-'-36 ""^^- 

(15) Find the greatest and least of the fractions, 
4 5 , 4 + 5 , «4 5 9 ,15 
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S ^ 7 Q 

(16) ^^ Q^ 2' q' Tn' ^^ ^^® greatest and least. 

(17) Compare the quantities 2^, -- of 9f and ~ . 
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86. Rule. Express the fractions with a common 
denominator; add together the new numerators^ and 
under their sum place the common denominator : and the 
resulting fraction, reduced if possible, will be the sum 
required. 

For, let 7f and 4f be the proposed quantities, which 
reduced to improper fractions are ^ and ^ : then, since 
addition can be performed only upon quantities of the 
same denominations, these fractions must first be reduced 
to a common denominator ; and their sum will be 

51 39^408 273 _ 681 
T ~S~ 56 "*■ 56 " 56 -^"^^• 
The process in this case may be simplified : for, 
the sum of the integers ?= 7 + 4 = 11 : 

.1, c.u i^ .' ' 2 7 16 + 49 65 , . 

the sum of the fractions = ~ + g = — -^ — = = 1^^ . 

and therefore the entire sum = 11 + 1^= 12/^^, 

as before; and this is much easier, particularly when 
the njimbers are large: but attention to the following 
examples worked out, will suggest other abbreviations 
and forms of practical importance. 

31 47 3 

Ex. What is the sum of -—and ---: of ■-, H and 

7 8 4 ** 

2^ of I of 3^, II of 17 and | of 5f of ^? 
(1) The8um-?i+i?-# + 5| = 4 + 5 + ^ + ^ 

jsr. A. ^ 
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(2) The suin=? + U + 2j»3 + |+^+| 
4 4 5 

18 20 4 4 



(3) First.fof3A = |off-^ = lofn.^: 

lf_ i"" _ 7'<^_ 7x3 _21. 

*° 2^ 17 -J , 17x4 17x2 34* 
-^x o X 4 

ja 01 21 

therefore gf **^ ^^ = 3^ of 17 = y: 

I 3 . ^, . 34 S „ 2S „ 2 23 
also, -of5Jof_ = -of-of- = -: 

whence, the required sum will be 

II ^ ?£«?? 1^ 23^150^ 
5 ■*■ 2 """lO'lo"^ 10 "*"lO 10 



Examples for Practice. 

(1) Find the sum of f and f; of f and f ; of J 
and J, and of f and Jf . 

Answers: 35^ g^* ^H and l^V- 

(2) Add together Ij and 7^ ; 2f and 13i%; 5J and 
12f , and S7A and 24}f. 

Answers: 8j^, 16}J, 17fS^ and 62^^- 

(3) What is the sum of ^ and |i; of ^ and ?| ; 
of -^J^ and -V-; offhand fj? 

Answers: Sfgf, IS^, 9*i, 4^- 

(4) Add together f, f and |; f, f and A; i. f 
and ifty; f, f and JJ. 

314 
Answers: SJ, — , a^, IS- 
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(5) Add together iJ, ^, ^; 2^, SJ, 5|; Sf, 13|, 
27A; ¥^ sJ, iiT. 

Answers: 54t|, lOMi, 49f|f, 20^. 

(6) Find the sum of f, f, f, |; of J, f, f, *; of 
^, 5^, I. i; off, A>ii. ff. 

Answers: Sj, l^^^^, 1^, 2. 

(7) Find the sum of ^ of 9^, and ^ of 8^. 

Answer: 4 J. 

(8) Required the sum of 14f and | of f of 8: of 
f, 4J and f of 2 : of I of I of |, i of | of V, A of 

tof^: off of^, 9, f, ||. 

Answers: 19^, 5^, if, lOH- 

8 41 4 

(9) Required the value of lj + - of — +r-T-. 

Answer : 5 J. 

(10) Determine the quantity in its simplest form 
which shall be equivalent to the sum of the magnitudes, 

I of f of 11^, If of 3f of ^, 2? of 4| of Tk. 
Answer: 4|-J. 



(11) Find the respective sums of If, f, ^, 3J: of 
3f, 2f, 3^, 7i : and of 2^^, S^, 4^^, 5}J. 

Answers: B^B, 14xlk and 15x^8^. 

(12) Add together f, f^, t\fe, ifc, i?^ : also, 387^ 
285i, 394i, i bf 3704: and 3^, 7i, 8|, 4|. 

Answers : 1, 2548J4 and 23f . 

(13) Add 'together 3^, 4^, 5^, | of f , | of ^ of 
#: ^ of I of i, J of i of Jj; f of If, 2f : and i, f, 
i i h ^ of llj. 

Answers : 13JJ, 3f and SJJ. 

(14) Find the sum of 4, |, |, %, ^, ^, >^% «e.^ 
of i? S> f> 17* sir* 4a> Fo> T^» 

Answers : 3| and 4>. * « 
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(15) Shew that the simple fraction equivalent to the 
13 1 

value of - of - + - of ■ + ^ of -, is of the same 

4 le"*"^ 

3 17 7 

magnitude as that expressed by — + - of — of — . 

II. SUBTRACTION OF FRACTIONS. 

87* Rule. Reduce the fractions to a common de- 
nominator; subtract the less numerator from the greater; 
under the remainder place the common denominator, 
and the result, properly reduced, will be' the required 
difference. 

For, taking the quantities 5 J and 2f, and reducing 
them to fractional forms, we have the difference 

""3 7 "" 21 "21 "21" ^' 

This operation may be performed in a more conveni- 
ent form as follows : 
the difference=5j-2f = 5^-2j?=2jf : where ff, being 

7 28 

greater than ^, is subtracted from ^r + 1 or — , and 1 

is carried to the whole number 2, as in Integers. 

' Examples for Practice. 

(1) Find the difference of f and \; of J and f ; 
of S and A; of I and A; of 1^ and l^. 

IS 22 5 3 1 
Answers: - , g^, ~, -, — . 

(2) What is the difference of Ipf and 13^^; of 8Jf 
and 17jf ; of 1000 and 384^; of 279^ and l68f ? 

Answers: 6,^, Prb, 6l5i|. llOff. 

(3) Required the difference of If of 3f and 2 J of 
16?; of 1^ of f and f of tt of 25 : of 2^ of 4^ and 
7i of lOh 

Answers: Sg^^ ^iH. 6>^V 
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(4) Find the difference of - of -? and « o^ "o" • ^^ 
|andf^: of .f of | and Zi of 15|. 

Answers: 4^, JJf, 7- 

(5) Prove that the sum of 5 J and 3^, is equal to four 
times their difference. 

III. MULTIPLICATION OF FRACTIONS. 

88. Rule. Multiply together the respective nume- 
rators and denominators^ reduced to fractional forms if 
necessary; and the fraction thence arising will be the 
product, which may generally be simplified by means of 
the preceding Articles. 

For, let the fractions be f and |^ ; then if f be mul- 
tiplied by 7, the product will be \* by Article (74) : but 
7 being 8 times as great as f, the multiplier above used 
is 8 times too large, and the product V will therefore be 8 
times too large also : whence, the product required must be 

14^ 14^^ 

9 72 36' 

,, ,^272x7 14 7 

or, the product = - x - = - — - = =;; = •^;^» 
' ^ 9 8 9 X 8 72 36 

89. If three or more fractions be proposed, as 

12 3 12 3 

- , - and 2 1 t^eir continued product is s ^ - x - 

^ ^x. ^ . ^2 , 3 1 6 6 1 
= - X the product of - and T*;^^T7:=;r: = T* 
2 ^ 3 4 2 12 24 4' 

12 3 1x2x3 6 1 

'2 3 4 2x3x4 24 4' 

and thus the rule may be proved to be general : also, in 
cases like this, the reduction is shortened by cancelling 
from the products of the numerators and denominators, 
any factor or factors common to both, and effecting the 
multiplications of what are lef\:; thus, 

1 2 3 J x2 x3 1x1x1 \ 



X - X -r i 



2 3 4 2x3x4 1x1x4 V 



«L% «\i«^^* 
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Hence, the product of two or more fractions is the 
value of the compound fraction of which they are the 
constituent fractions : and thus, Multiplication is here ex- 
tended so as to express the part or parts of any quantity : 

^^"' S ^^ 8 =6-x8 = 6^ 8' ^^*^^«*«^« ^«7 «« 6 ^^ 7' 

7 5 7 

5 of - and 5 of 7 may be replaced by ~ x 7, 5 x ^ 

35 35 
and 5x7, which are -tj- , — and S5 respectively. 

Examples for Practice. 

(1) Required the product of f and J; off and f ; 
of 2| and 7§ ; of 8f and lOArJ of 6| and 14^. 

Answers: ^, ~, 18J-, 86f?, 9I5. 

• (2) Find the product of J, f and jV ^ of |, V and }|: 

of ^j, lT?r and M: of t!|,fffi and -f : of 2f, ^| and |t. 

7 45 8 •, ^^ 
^"«^^''= 30' 56' 75'^'^^- 

(3) Required the product of \, |, | and ^: of |, 
f, f and i*: of :^, 2|, I5V and 1^: of 6h 9|, 12^ and 

Ji: off,2|,5A, 5Aand6rJT. 

1 40 
Answers: -, — , 2, 10 J, 242 J J. 

(4) Multiply 2i by J of f of J: ISf of 7 J by | 
ofiofl2i: ^of^by |of8lof JJ. 

133 
^"®^®"' 540' ^^*^^' ^^* 

(5) Multiply together || of ^ and -| of ^ of J| : 

Answers: -7^5, a6. 
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(6) Find the continued product of the fractions, 
Uh nth m and ffjf. 

Answer: 1. 

IV. DIVISION OF FRACTIONS. 

90. Rule. Multiply the dividend by the divisor i«- 
verted, and the result will be the quotient, which may 
be reduced, when possible : or, which is the same thing, 
invert the divisor, and then proceed by the rule for the 
Multiplication of Fractions. 

3 3 

For, let ^ be to be divided by f ; then = -^ 4 = — is 

5 times too small^ because the divisor has been taken 5 
times too great : whence, the quotient will be 

3 15 

. .. 15 3x5 3 5 

or, the quotient is — = ^^^ ^l^'V 

and the operation may be expressed in the following 

form : 

,, . ^ 3 4 3 5 15 

thequotient=--^-=-x- = -. 

Hence, Division is here extended to express the find- 
ing of the fraction, the product of which and the divisor 
is the dividend: and the quotient shews what part or 
parts the dividend is of the divisor. 

91. To denote the division of one integer by another, 
as of 4 by 5, we have the quotient 

^4^5^4 1^4^ 
1 • l""l "^S^l' 

or, in words, a simple fraction may be considered as 
an adequate expression of the implied division of the 
numerator by the denominator : and therefore the €'&'»5t- 
tion f, in addition to its meanm^r a"& e^^««Ne^ ^^'^ 
Article (71), implies that if 4 wete dWi^e^L Voxo jxx«- 
equal partSj one of these parts \a. ex^xe^^e^ >onj '^^- 
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Examples for Practice. 

(1) Find the quotient of f by f : of f by f: of A 
by A: of V by fj: of H by SJ. 

. 16 - 26 38 4 

Answers : — . 1 A, -- , — , — , 
21' ^^' 33' S3' 21 

(2) What is the quotient of 2 J by S|: of lOj by 
lS?:ofl7|by7}|:of^by^? 

Answers: ^, |, 2^^^, |. 

(3) Divide Sj by ^ of ^ of f : 3j^ of Sf by — 

of 9: 15iV of Si by J of A of 15f : 2iJ of 5t5r of 

44 
1331 by 3}i of-^ of 202J. 

Answers: 14/^, 8, 19||-, 7if. 

(4) Compare the product and quotient of -J- by \^, 

Answer: — — and — — . 
990 990 

92. What has been proved in the adaptation of the 
fundament^ operations to fractions, will furnish the 
means of simplifying arithmetical expressions formed 
by their combinations : and, in general, only very slight 
mental exertion will be required, if the attention of the 
e^e be directed to the composition of the terms of the 
fractions concerned, and their resolution into the factors 
of which they are made up. 

^3_£^45_32 13 
4 15 60 60^60* 

5 4 



(.) Tb.,.i««or(l.l),(l-l).^^ 



15 ^ 14 21 



58 
48 

3 0x48 _ 30x24 _ 720 
' 77 X 5K " 77 X ^9"" aaas' 
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(4) To find the value of {sf + 1 of ^ - ^|} -=• llJs; 

5 
T? = — = - : whence, the qaantity within the brackets 



25 fl 7) 25x61 , ... 305 
^2 n6''l9r~228-^^^^''^J^8 = 

therefore, the value required is x ~r-5. 



Examples for Practice. 

(1) Required the value of 7?-t + «-;;j aiid of 

4 3 2 

15_14 13^11 
lb' 15"'"l4 12' 

Answers: -7 and -^-. 
4 560 

(2) Reduce to their simplest forms, the expressions, 

1 2_1 3 2. 

2"*"3 6"*'8"'l2' 
_, IS 7 11 5 2 5' S 
""^2-8^r5~40+6^3-T2'*-5- 
Answers: l/j and 2. 

1 5 

(3) Multiply the sum of - , If and ^ by the differ- 

4 3 11 

ence of-— and — ; and divide the product by — of Ijf. 

Id /i\j Jo 

Answer : —- . 

(4) Reduce 1 of (6^ + 2| - 3), and g + 1 + 1) x 
(- of -j to their simplest forms. 

Answers: S^f and ^r^. 
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(5) Simplify as much as possible^ the arithmetical 
expression, (^x -+- x-j- (^-x -- -x ~j. 

. 13619 

^"^^"'••' 55440- 

(6) Determine the simple fraction which expresses 

the value o^ (« ^ 5 ^ l^i) "^ (n ^ 7 '*' ^*) • 

Answer : — — . 

227 

(7) What is the value of the expression, 

?^^.^ 774 .1926. 
1017 ' 1107'^ 615 ' 6^^ 
Answer : 1. 

(8) Required the value of the expression, 

I of |- A of 3^ + 1 of 31. 
Answer : \\%. 

(9) Sin.plify(^^i)-(4-^3V4)-M 

.576 

of TTzr-- 
2b4 

Answer: g^. 

(10) Prove that the value of the expression, 

jof(i-?)^.iofi--.?of(u;j)+iof 

7 \ 7/ 5 10 5 \2 14/ 70 
( - + - J is 1, by the simplest process. 

REDUCTION OF FRACTIONS. 

93. Our attention has hitherto been confined to 

fractions considered generally^ without regard to the 

particular species of their units ; and it remains to apply 

what has been said to such concrete quantities as con- 

stitate the principal subjects of pTaCdcaV corapviVAXAQivv. 
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94, A Fraction may be transformed into another, so 
that the value of the unit in the latter may have a specified 
relation to that of the unit in the former. 

Rule. Multiply or divide the fraction by the num- 
bers which connect the different denominations in order^ 
according as the value of the unit in the required frac- 
tion, is less or greater than that of the unit in the one 
which is giveri. 

For, let the fraction be £f, where the unit is one 
pound : then if it be required to find the fraction when 
the unit is one forthing^ it is manifest from what has 
been said in the Reduction of compound quantities, that 
in order to retain the same absolute value, we must have 
20 X 12 X 4 times as great a. fraction as the original one : 
that is, 

£^ fiffthings. tu. 

2 2 20 12 4 _ 1920 
T"?"" 1 "" 1 ""l" 7 ' 

and the value of the unit in the latter fraction being 
^j^th part of that in the former, the same absolute value 
IS retained by taking 96O times as many parts in the 
latter, as in the former. 

Again, reversing the operation, we have 
^- ' . £. ^. £. 

1920 _ 1920 1 1 . 1 _ 1920_2_ 

T" " 7 "^4"^ 12 ^20"" 6720 " 7 ' 

the divisors 4, 12 and 20 being inverted^ according to the 
rule laid down for the Division of Fractions. 

Ex. Find what fraction of a crown- is equivalent to 
;J^ of a pound. 

£t S. 5. crowns. cr. cr. 

,,, , , 1 1 20 20 20 1 20 1 
We have here T'=-:^"r'="T"'-r X"^ = ;r::*T: 
441 4 45 20 1 

and we know very well that J of £l, or 5j., is equal 

to 1 crown, expressed fractionally by ^t cr* 

Examples for Practice. 

(1) Reduce }, ^ and |^ of a pound, to fractUwNA 

of a penny. 

. 240 320 ,^5 

Answers ; — - , -— and -7 . 
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(2) Express f of a shilling, f of a penny and ^, of 
a farthing, as fractions of a pound. 

Answers: ±.^andi. 

(3) Reduce f of a guinea, f of a half-guinea and 
6f of a crown, to fractions of £ J . 

A 7 63 , 12 

Answers: -, i55and~. 

(4) Reduce ^ of a cwt. to the fraction of 1 lb., 
and ^ of an ounce to that of 1 cwt. 

Answers: — and— —7.. 
2 3136 

(5) Express ^ of a yard as the fraction of an 
inch, and JJf of an inch as that of a pole. 

Answers : — and — — - . 
19 1595 

(6) Find the fraction of a yard which expresses 
f of an ell of 5 quarters; and tnat of a day which is 
equivalent to ^ of a year of 365 days. 

Answers: -7, and — . 
lo 2 

(7) Reduce ^^ of a barrel of beer to the fraction 
of a quart; and ^ ^^^ P^"^ ®^ wine, to the fraction of a 
hogshead. 

Answers: g and jL.^. 

(8) Required the fractions of £lO, which are equi- 
valent to f of a guinea, f of a shilling, and }f of a 
farthing. 

Answers: — • , -— - and 7r;rx7,. 
50' 900 9000 

(9) Express f of f of 1 qr. as the fraction of a ton, 
and 4^ of 2^ of a square inch as the fraction of a square 
yard. 

Answers:^ and ^. 
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(lO) What are the fractions which express J of 

21 51 J square yards in acres^ and -~ of 594-0 seconds 

lit 
in weeks. 

Answers: — r and r^-7:. 
27 8640 

95. The Value of a compound quantity may be ex^ 
hihited in the form of a fraction, whereof the unit is of 
a specified denomination. 

Rule. Reduce the proposed quantity to the lowest 
denomination contained in it, and also the proposed unit 
to the same denomination ; then the fraction whose nu- 
merator and denominator are these results respectively^ 
will be the one required. 

For, let it be required to represent 2qrs. 15 lbs. as 
the fraction of 1 cwt. : then we have 

CWtb 

1 

4 

4 

28 

112 lbs. 



qra. 


Iba. 


2 . 


15 


28 





71 lbs. 



und of the 112 equal parts into which 1 cwt is supposed 
to be divided, 71 are here taken, so that according to 
Article (71), the fraction required will be ^ft cwt. 

96. By the two preceding rules, magnitudes of the 
same kind, consisting of fractions of simple or compound 
quantities, and connected by the operations of addition 
or subtraction, may be reduced to simple fractions of a 
given denomination. 

Ex. Find the fraction of £l, which is equivalent to 
the excess of § of a guinea, above the sum of f of a 
shilling and ^ of 7^* ^d. 

g. £. £. 

„ 2 2 ai 7 

^^'^S'3^20^10- 
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8, 


£. 




£. 


3 


3 


1 


3 


— s= 


i - X 




=' — : 


4 


4 


20 


80 



Jof7*.6<f. = |of|=^ 



therefore the fraction = —- - - — 7; = -— r 



£. 

JI9 

10 80 6 240' 



Examples for Practice, 

(1) Express 4*. ll(f.; 17*. Uid.; IQs. lO^d. and 
£1. 13*. ll^^^. ja/., as fractions of £l. 

. 59 431 191 J 107 

Answers: ^-^, — , j^^ and g^. 

(2) What fraction is 2 cwt. 1 qr. l61bs. of a ton; 
2 ft. 9 in, of a pole, and 3 ro. 25 po. of an acre ? 

Answers: ->.-, ^ and -^. 
560 6 32 

(3) Express 5 bush. 3pks. 1 gal. as the fraction of 
a quarter ; and 2 wks. 5 days 18 firs, as the fraction of a 
year of 365 days. 

Answers : ^-- and 



64 1460 

(4) What fraction of £2. 7*. 6d. is £l. 7*. 8j<f., and 
of 3 cwt. 2qrs. 14 lbs. is 3 cwt. Iplbs. 2 oz. ? 

A 7 J 2841 

Answers: -- and -;r— . 
12 3248 

(5) Reduce f of 2s. 4^^ to the fraction of a half 
crown; and Qs. lO^d, to the fraction of 13*. 2j<f. 

Answers: -- and — — . 
50 211 

(6) Required the fractions of £l, which express the 
values of ?^ of ^ of £1- 12*. l^d. and A of £5. 17*. 4^1 

Answers: -rg and ~. 
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(7) Find the simple fraction of £l. which expresses 
the sum o£^of^ of iSs. 4d. and | of f of 10*. 6d. 

629 



Answer : 



1440 



(8) Express the sum of J of a guinea, f of a pound, 
^ of a shilling and J of a penny, as the fraction of a 
guinea; and the excess of ^ of £l3. 10*. lO^d. above 
? of £1. ^s. 9d. as the fraction of £6. 

Answers: -77; ^^^ 77; • 
48 40 

(9) Compare the values of ^ of a pounds ^ of a 
guinea and J of 3s, g^d. 

. 7040 7056 , 7007 

Answer : , and . 

7392' 7392 7392 

(10) Reduce ^ of (-^ of £l. -:^ of u] to the 

^ l^s (,120 48 J 

fraction of a moidore of 27*. 

1885 



Answer ; 



5832* 



97. 1/ the Species of the unit be given, the value of 
a fraction of it may he expressed hy means of its known 
parts. 

Rule. Multiply the numerator of the fraction by 
the number of parts of the next inferior denomination 
which are equivalent in value to the unit, divide the pro- 
duct by the denominator, and the quotient is the required 
number of parts of that denomination : proceed in the 
same way with the remainder, if any, and the parts of 
the next denomination will be found : and repeat this 
process till the lowest denomination, to which the unit 
IS capable of being reduced, is obtained. 

For, if the fraction be |^ of a yard, we have 

yds. feet. ft. ft* 

5_5 3 15 , 
6~6''l"6'"*' 

ft. inches. In. tn. 

1 1 12 12 - 
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and therefore the value of f of a yard, expressed in 
the known parts of a yard, is 2ft 6in., or 30in. 

98. The preceding Articles enable us to find the 
value of the sum or difference of fractional parts of 
magnitudes of the same kind. 

Ex. Required the sum and difference of § of a 
pound and ^ of a guinea. 

$. 

2 2 '* 40 *' ^* 

Here, - of a pound = - of 20 = — = 13 . 4 : 

4 4 84 

- of a guinea = ^ of 21 = -—=9. 4: 

8. d, s. d, £, 8, d, 
therefore the sum =13.4 + 9.4-1.2.8. 

and the difference =13.4 — 9.4 = 0.4.0. 

The same results may also be obtained as follows: 

g. £. £. 

4 4 21 7 , 

^^"^"9^9' 20=15^^"^"^" 

2 7 17 ^* '• ^' 
the sum -^ + -^=-4 = 1.2. 8: 
10 Id 

2 13 
the difference = ^ ~ tt ="ir = 0.4.0: 

and when fractions of the unit of the lowest order occur, 
this will be the more convenient method of the two. 



Examples for Practice. 

(1) Find the values of f of a pound, J- of a shilling 
and ^5 of a guinea. 

Answers: 12^.; 6^d. §/. and 5s, lOcL 

(2) Required the values of f cwt, Aqrs. and fibs. 
Answers: 2qrs. 24lbs.; lOlbs. and 6oz. 

(3) What is the number of feet in ^ of a mile; 
and the number of yards in ^ of a league? 

Answers : 4224ft. and AsS^O^Oi^. 
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(4) Required the values of ^qrs.> fbush. and f pks. 
Answers: ipk.; Ipk. Igal., and Igal. Iqt. Ifpts. 

(5) What is the value of ^^ of a month of 28 days, 
and of ^ of a week ? 

Answers: 3 days, lyhrs. 36min., and 1 day. 22hrs. 
40rain. 

(6) Required the sum and difference of | of 5 
guineas and | of |^ of a pound. 

Answers: £4. Is, 8d. and £2. 18^. 4e/. 

(7) Add together f of a guinea, i^ of a pound, f^ of 
a crown and 1^ of a shilling. 

Answer: 19*. 6^d. 

(8) Find the sum of f of 6s. Sd., f of £2. 3s. gd. 

and ^ of £4. 14*. 5d.: also of ^£-, J of £l40Ji and 

li^ guineas. 

Answers : £5. 12*. 6d., and £50. 

(9) Required the value of f of ^ of ^ of £6304| : 
and find the worth of ^ of ^ of this value. 

Answer: iB40. 4*. 2<^., and £l. 10s. l^d. if. 

3 . 3 

(10) Find the value of - of a guinea + - of a crown 

+ ? of 7*.6rf.-| of 2rf. 

Answer: £l. 2*. 



RULES OF PRACTICE. 

99. We shall here shew how the primitive fractions, 
as defined in Article (69), niay be applied to the practical 
calculation of prices, when the price of an unit of any 
denomination is supposed to be given : and the tedvsw^ 
ness of the enunciations of the rules at \eTv^i>ck, -w'^Xi^i ^ 
sufficient excuse for the mere indications ot xVve ^c^'^**^'^ 
to be employed, by means of exampVea. 



90 
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(1) Simple Practice. 

Ex. 1. Required the value of 1298 at 17*. 9frf. each, 
where the unit in 1298 may be of any kind whatever. 

Here, we shall have no difficulty in tracing the reason 
of the following process : 



8, 

10. 

5 . 
2. 
0, 
0, 



d. 



6 
3 
Of 





£. 


s. 


d. 


i 


1298. 





.0 


i 


649. 





. 


i 


324. 


10 


. 


A 


162. 


5 


.0 


i 


16. 


4. 


6 




4. 


1 . 


H 



= price at jBl : 

= price at 10*. : 
= price at 5s,: 
= price at 2s, 6d. : 
= price at 3d.: 
1^ = price at frf. : 



£1156. . 7i = price at 17*. 9^d. : 

where it is observed that the denomination of the result is 
the same as that of the unit assumed, which is here £l : 
and it is generally most convenient, when possible, to 
use the aliquot parts of the denomination next superior 
to the highest denomination of the price proposed. 

Ex. 2. Find the value of 750 at £5. 8*. 4d. 
Here, proceeding as before, and by Compound Mul- 
tiplication, we have the following solutions. 



». d. 
6.8 


i 


Pr<ictice. 

7 50 
5 


Bff Compound MidHplicaHon. 
£. 8. rf. ' . 
5. 8.4 

10x5x5x3= 


1 .8 


3750 
2 50 


54.3.4 
5 




62.10 


270.16.8 


£4062.10 


5 




1354. 3.4 
3 


£ 


4062.10.0 



and the number of figures in the former being much less 
tAan the number in the latter, the practical advauta^ o£ 
the method is at once apparent. \ 
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(2) Compound Practice. 

Ex. 1. What is the price of 3cwt. 2qrs. l61bs. at 
£3. 7s. 8rf. per cwt.? 

Here, the following process will be manifest : 
£. s. d. 
2qrs. i 3.7.8 = price of Icwt: 

3 



14lbs. 
2lbs, 



10 . 3 . = price of 3cwt.: 

1 . 13 . 10 = price of 2qrs. or ^ of 1 cwt. : 

. 8 . 5j = price of 14lb8. or \ of 2qrs. : 

. 1 , 2^ = price of 2lbs. or } of 14lbs. 



£ 12 . 6 . 6 = price of Scwt. 2qrs. l61bs. 

Ex. 2. If a servant's wages be £25. 15*. for 12 
months, how much should be received for 7 months.'' 

Proceeding as before, we have 

£, s. d. 



6mo. 
}mo. 



25 . 15 . = wages for 12 months: 

12 . 17 • 6 = wages for 6 months : 
2 . 2.11= wages for 1 month : 



£ 15 . . 5 = wages for 7 months : 



and here, as well as in the preceding examples, the 
operations maybe divested of the explanations affixed 
to their right hand, without affecting the clearness of the 
principles. 

Ex. 3. Required the value of 2937^ at lOfrf. 
2 9 3 7 

_JL 

1468 . 6 
979 . 
12 2.4^ 
I 6 1 . 2^ 

^oflO|(f.= . 51 . if. 



d. 


S. 


6 


i 


d. 


i. 


4 


\ 


i 


i 


i 


k 



2, o; 263,1 . 6 . ^f. 



£ 1 3 1 . lis. 6d. if. 



^*4S PRACTICE. 

where the former part of the operation is simple prac- 
tice, and the latter is compound. 

Examples for Practice, 

(1) 2710 at l{d. Ans. £l6. 18*. Qd. 

(2) 3467 at Sid. Ans. £54. Ss. 5\d. 

(3) 659 at U. 7f</. Ans. £54. 4*. 7^^?. 

(4) 1250 at 2*. 3ft?. Ans. £l44. 10«. 75c?. 

(5) 328 at Ss. 5\d. Ans. £l38. 14«. 4rf. 

(6) 7351 at 14«. 9ic/. Ans. £5429- 0*. 4|(f. 

(7) 7777 at 17*. 8frf. Ans. £6893. I9*. 8|rf. 

(8) 537 at £1. 7*. ^d. Ans. £730. 10*. lO^if. 

(9) 2937 at £2. 11*. 10f^ Ans. £7620. 18*. ^d. 

(10) 7432i at IS*. 6^d. Ans. £5032. 8*. 5\d. 

(11) 1530J at 15*. 9^- Ans. £l205. 1*. 5\d. 

(12) 6l47f at 17*. ^d, Ans. £5392. 1*. 9 H- i/"- 

(13) 217i at £2. 17*. lid. Ans. £625. I9*. 0\d. y. 

(14) 7691 at £1. 12*. 6d. Ans. £1250. 12*. Od. 

(15) 674I at £3. 19*. 6id. Ans. £2683. 0*. 9\d. \f. 

(16) Required the price of 3c wt. 2qrs. 17lbs., at 
£1. 5*. Sd, per quarter. 

Answer: £l8. 14*. \ld, 

(17) Find the cost of 57c wt 3qrs. 14lbs., at £5. 9*. 6d. 
per cwt. 

Answer: £31 6. 17*. 3|i. 

(1 8) Find the price of 2cwt. 3qrs. 12lbs., at £l. 7*. Qd. 
per cwt. 

Answer: £S. 18*. 6|rf. f/. 

(19) How much will the carriage of 5 packages, each 
weighing 4cwt. 3qrs. 2 libs., come to at 12*. 6d. per ton? 

Answer : 15*. 5^ J. 

(20) What is the value of 45oz, 6dwts. 7grs., at 5*. lOd. 
an ounce? 

Answer: £13. 4*. At^^d. 

(21) Required the value of l6yds. 2ft. lOin. at 2*. G^d^ 
a yard. 

Answer : £a. 3s. 0|d. ^/. 
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(22) Find the value of 44.ac. 2ro.25po., al£55. iGs. l^d. 
an acre. 

Answer: £2493. 4«. S\d.]if. 

(23) Determine the price of 5cwt. 3qrs. ll^lbs., at 
£5. 3«. nid. per cwt. 

Answer: £S0. 8«. 5f^A 

(24) Find the price of 35qrs. 7bush. 3ipks. of wheat, 
at 58«. 6d. per quarter. 

Answer: £l05. 4^. 7sA iisf- 

(25) If a gallon of mixture cost 5«. Sf J. ^/I, it is re- 
quired to ascertain the price of 53gals. 2qt8. l^pt. 

Answer: £l4. 58. ^d. l%f. 

100. MISCELLANEOUS QUESTIONS. 

(1) If a person have an eighth of a fifth part of 
£2000, what is the value of his share ? 
„ 1^1 1x1 1 
^^^"'8^^5 = 875=40 = 



1 *" 2000 *" 

therefore his share is -- of 2000 = -— — - « 50 : 
40 40 

or, taking it in another point of view, we have 

£. 

1 ^- 2000 ^ 
iof 2000=^ = 400: 

1 400 ^' 

whence, ~ of 400 = ~— a 50, as before, 
o o 

(2) The aggregate of | and | of a sura of money 
is £l33 : what is the sum ? 

S 5 15 15' 
therefore, -— of the sum is £133: 

whence, — of the sum is -- o£ £\S^ = £n *• 
Mild the sum itself must therefoTe be 7 x\5 "» £«\^5. 
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(3) Find what quantity multipled by | of ^ of Sj, 
gives a result equal to J. 

First,-of-of3i = 3x-x-=-: 

28 7 
therefore, the required fraction x — = - : 

but since, when equal quantities are multiplied by the 
same quantity, the results are equals we have 

. . . r .• 28 15 7 15 5 

the required fraction x ~ x - = - x ~ = ^^ : 

that is, the required fraction = — , because -— x — - = 1. 

(4) Find what number of times £24. l6s. 4>^d. is 
contained in £335. U. O^d. 

£. 
u £• /;? fi 2382f) 

Here, 24 . l6 . 4^ = ~960~' 

and 335. 1.0| = — g-: 

whence, the required number of times will be 

£. £. 

321651 23826 321651 96O 



X- 



960 ■ 960 9&0 23826 

321651 27 _ ,^,. 

" 23826 " 2 "''•^^' 

that is, £335. 1«. Of <i is equal to 13? times £24. 16«. 4|rf. : 
and the latter being regarded as a compound unit and re- 
presented by 1, the former will be represented by ISj. 

(5) A person possessed of |ths of a coal mine, sells 
fths of his share for £2000 ; what is the whole mine 
worth ? 

Here, if the mine be considered the unit and be 
represented by 1, 

3 2,3 

we have - of - of it = — , , which is 

4 5 10 

the fraction of it sold for £2000; tYiat\8,^\ft^at\Ja £,SIW»\ 
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therefore ^ is worth J of £2000, or £666. 13s. 4>d. : 
and 1, or the whole mine, will therefore be worth 
(£666. 13s. 4rf.) X 10 = £6666. 13^. 4rf.) 

(6) A can do a piece of work in 5 days, J5 in 6 and 
C in 7 : how much of it can they jointly do in 2 days ? 

Assuming the piece of work to be represented by the 
unit or 1, we have 

•- = part done by -4 in 1 day, 

■ . r •: ' ■■ 

r ' ' 

. ^ 1 1 1 42 + 35 + 20 107 

therefore %- + ^ + - = ;r-r = xttt 

5 6 7 210 210 

is the part done jointly by A, B and C in 1 day : whence, 
the work done by them jointly in 2 days, will be 

210^^-210^^^^' 

that is, they could finish the whole work in 2 days, and 
Y^ of the same work besides. 

Hence also, the time in which they would exactly 
complete the work is 

^ 107 - 210 210 „._, 

^■^2T0*'^l07'l07"'^^^^"y'- 

(7) One half of the trees in an orchard are apple 
trees, one-fourth are pear trees, one-sixth plum trees, 
and there are 50 cherry trees: what number of trees 
does it contain? 

Representing the number of trees in the orchard by 
the unit or 1, we have 

\ = number of apple trees : 

\ = number of pear trees : 

\ :=,number of plum trees : 

and the sum o£ these numbers = "s -^ "i "^ "^'^ ^*' 
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whence, the number of cherry trees = 1 — -- = 73 • 

that is, ^ of the number of trees =* 50 ; 
and the number is therefore » 50 x 12 = 600. 

This solution is easily verified; for, we have 
the number of apple trees «= ^ of 600 = SOO 
the number of pear trees = J of 6OO = 150 
the number of plum trees = ^ of 6OO =100 
the number of cherry trees = 50 

and tlie number of trees in the orchard = 600. 



Examples for Practice, 

(1) If ^ of a lottery ticket cost £4. 10^., what is 
the price of ^ of a ticket? 

Answer: £4. 16*. 

(2) The owner of ^f of a ship sold ^^ of f of his 

2i 
share for £123^* what would -j of f df it cost, at the 

same rate? 

Answer: £200. 

(3) Express a degree of 6^^ miles in metres, where 
32 metres are equal to 35 yards. 

Answer : 111 835? metres. 

(4) If I import 5763 bushels of wheat for £ 1800. 
J 8*. 9 J., and pay an import duty of lOj per cent on the 
money thus hud out, what is the duty per bushel? 

Answer : 7|J. 

(5) Find the value of the metre of France, in terms 
of the foot of Cremona, if 48 Cremonese feet = 5Q English 
feet, and it the metre be S^^^^ English inches. 

Answer ; 2}JJJJ feet 

(6) What number is that, whereof the part expressed 
^Ji-^^ + J Js 4,5? 

Answer: 60, 
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(7) If a person lay out f- of his income in board 
andpodging, ^ in clothes and save £60. a year : what 
is his income? 

Answer: £2l6. 

(8) After detaching JJ and Jf of a compan^jr of soldiers, 
the general had 1110 lef);: required his origmal force. 

Answer: 4200 soldiers. 

(9) What is the capacity of a vessel^ out of which 
when a third of it is empty, 35 gallons being drawn, 
there remains f of the whole content? 

Answer : 120 gallons. 

(10) A post has one-fourth of its length in the mud, 
one-third in the water and 10 feet above the water: find 
its whole length. 

Answer : 24 feet. 

(11) If JJ of an estate be left to the elder and the 
remainder to the younger of two children, and the differ- 
ence of their legacies be £525 : find the vidue of the 
estate. 

Answer : £5250. 

(12) A ship and its cargo are worth JE176OO. and 
the cargo is worth seven times as much as the ship : find 
the values of the ship and cargo. 

Answer: £2200. and £15400. 

(13) Of a field ^ h meadow, f is arable and the 
remainder is lac. 3ro. 26 po.: find the quantities of mea« 
dow and arable land. 

Answer : 3 ro. 24 po. and 1 ac. 2 ro. 30 po. 

(14) A met two beggars B and C, and having ^^ of 

4J- 

10$- 

-X ®^ ^ ®^ * moidore of 27*. in his pocket, gave ^ of J 

of it to j9 and i of the remainder to C : 'v\v8&. ^\^ 
each receive? 

Answer : B received 6d. and C "had 9.s. ^d. 



08 BOSCELLAIfEOtJB QUB3TI0NB 

(15) A had at first £l. 8^.; and B, when he had 

■Si- 
paid 2^ of £l. 11*. 6d. to Ay found that he had re- 
maining ^ of what A then had : what had B at first ? 
Answer : £7. Ss. 

(16) A can reap a field in 5 days and B in 6 days, 
working 1 1 hours a day ; find in what time A and B can 
reap it together, working 10 hours a day. 

Answer: 3 days. 

(17) If ii and B can do'a piece of work in 18 days, 
A and C in 12 days and Bland C in 9 days, find the 
time in which A^ B and C can do it 

Answer: 8 days. 

(18) If a cask be emptied by two taps in 4 and 6 
hours respectively, in what time will it be emptied by 
both of them together, the rates of efflux remaining the 
same throughout ? 

Answer : 2 hrs. 24 min. 

(19) A, B and C can perform a piece of work in 12 
hours: also, A and B can do it in 16 hours and A and C 
in 18 hours : what part of the work can B and C do in 
9^ hours? 

Answer: f. 

(20) A cistern is filled by two spouts in 20 and 24 
minutes respectively and emptied by a tap in SO mi- 
nutes : what portion of it will be filled in 15 minutes 
when they are all left open together, the influx and efflux 
being uniform ? 

Answer : f . 

(21) In an orchard, ^ of the trees are apple trees, 
^ pear trees, ^ cherry trees, | filbert trees and there are 
32 walnut trees : what is the number of each sort ? 

Answer: 80 apple trees, 60 pear trees, 48 cherry 
trees, 40 filbert trees and 12 walnut trees. 

(22) A person after paying away one third of his 
money together with £lO, finds that he has remaining 
£l5. more than its half: what money had he ? 

Answer: £\50. 
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(23) A farmer pays a corn-rent of 5 quarters of 
wheat and 3 quarters of barley, Winchester measure: 
what is his rent, wheat being at 60s. and barley at 
54is. per quarter, imperial measure, it bein^ir assumed 
that 32 imperial gallons are equivalent to 33 Winchester 
gallons ? 

Answer : £22. 8s. 

(24) A can do § of a piece of work in 4 hours, B 
can do | of the remainder in 1 hour and C can then 
finish it in 20 minutes : in what time can Ay B^ C toge- 
ther do it. 

Answer : 1 J hours. 

(25) A persoq leaves J of £10000. to his wife, J to 
his son and the rest to his daughter. The wife leaves % of 
her legacy to the son and the rest to the daughter : but 
the son adds his fortune to his sister's and gives her ^ of 
the whole. How much does the sister gain by this pro- 
ceeding? 

Answer : £S33. 6s. Sd. 

(26) If ^ in 2 days can do as much work as C in 
3 ^ays and ^ in 5 days as much as C in 4 days : what 
time will B require to execute a piece of work which A 
^an accomplish in 6 weeks ? 

Answer : 11 J weeks. 

(27) A cistern has three pipes A, B^C: A and B 
can fiU it in 3 and 4 hours respectively and C can empty 
it in 1 hour : if these pipes be opened in order at 1, 2 
and 3 o'clock, prove that the cistern will be empty at 12 
minutes past 5. 

(28) If A can do half a piece of work in 3 hours, 
which is twice as much as B can do, and Ay J5, C caa 
together do the whole in 2} hours : shew that C can do 
in 5 hours as much sls B can do in 9 hours. 
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CHAPTER V. 



THE THEORY OF DECIMALS. 

101. Def. In the Notation of Integers, it has been 
seen that the figures in the units' place alone retain their 
absolute values, whilst the local values of figures in other 
situations increase tenfold for every figure we advance 
towards the left hand from that place. Therefore, in 
beginning at the left hand figure of any number and 
proceeding towards the right hand,<it follows that the 
local value of every figure will be a tenth part of that 
which immediately precedes it : and if we suppose figures 
to be situated to the ri^ht of the units' place, and this 
kind of tenfold subdivision to be extended to them^ it is 
manifest that the local values of such figures in order 
from the place of units' will be a tenth, a hundredth^ a 
thousandth^ &c, parts of their absolute values. 

Hence, we are enabled to represent integers and frac- 
tions by one uniform system of notation, by merely mark- 
ing the place of units : and whilst Integers are expressed 
by figures in the units' place and in pfiices to the left of 
it, Fractions will be represented- by figures situated in 
places on the right of the units, callai the places of 
tenths, hundredths, thousandths, &c. 

In this manner originates the system of Decimals^ 
being merely an extension of the Notation of Integers: 
and though there are decimals of all denominations as 
Decimal Integers^ yet from the circumstance of the system 
representing only tenths hundredth, thousandth^ &&, parts 
of the unit, all fractions belonging to it are termed 
Decimal Fractions, in contradistinction to Vulgar FraC" 
tions, whereof the denominations may be any parts what- 
ever. 

Whence, Decimals may be . defined to be JFVac- 

tions whose denominators are 10, 100, 1000, &c, these 

denominators not being written as in Vulgar Fractions, 

but expressed by the position of what is called the 

Decimal Point. 
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NOTATION AND NUMERATION OF DECIMALS. 

102. If "we suppose the digit 1 to occupy the units* 
place, the following scheme will point out the deno- 
minations of the figures to the left and right of it^ and 
it may be extended so as to include both integers and 
fractions of all local values whatever : 



I 

&c. 4 3 2 I 2 3 4 &c. 



I 



and a mixed quantity, formed of integers and fractions, 
is separated into its integral and fractional portions by 
means of the Decimal Point placed on the right of the 
units' place, which dispenses with the description^ of the 
local denominations^ above given. 

Thus, in 4321 .2345, the figures 4321 on the leji 
of the point denote so many integers^ and the figures 
2S4t5 on the right of it, so many fractions, namely, 2 tenths^ 
S hundredths^ 4 thousandthsy and so' on : and the express* 
ing and reading of Decimals will evidently be conuucted 
upon the respective principles of the Notation and Nu- 
meration of integers : also, inasmuch as Integers denote 
assemblages of two or more units. Decimals will repre- 
sent assemblages of two or more tenth, hundredth, &c., 
parts of an unit. 

Relation of Decimals to Vulgar Fractions, 

103. From the statements made in the preceding 
Articles, it is obvious that everv magnitude made up of 
one or more decimals is equivalent to, and may be ex- 
pressed by, one or more vulgar fractions having 10, 100, 
1000, &c., for their denominators: and that all mixed 
quantities expressed decimally may be represented by 
ineans of whole numbers and vulgar fractions of similar 
denominations. 

104. JSvery Decimal maj) be eocpressed c*acl\>) >>B «• 
vulgar fraction. 



102 NOTATION AND NUMERATION OF DECIMALS. 

3 2 7 • 327 

Thus, .327 = 15 + ^50-' 1000-1000 = 

„, ,„ 4 5 9 459 



10 100 1000 10000 10000" 

,»o,/; ,» 8 1 6 18816 
13.816= 13 +- + -^+^555 =^555-: 

and hence we infer that a decimal will always be equi- 
valent to the vulgar fraction formed by taking it con- 
sidered integral, for the numerator, and by placing 1^ 
with as many ciphers as there are decimal places con- 
tained in it, for the denominator. 

In these instances, we see that the reduction to a 
common denominator, so tedious in vulvar fractions, is 
entirely dispensed with, and the immediate comparison 
of fractional quantities is one of the great advantages of 
the system. 

327 
Since .327 = Ynnn » ^* ^^ evident that .327 may be read 

327 thousandths^ the decimal having always the deno- 
mination of its last figure on the right hand : and con- 
versely, every vulgar fraction having 10, 100, 1000, &c., 
for its denominator, may be immediately represented by 
a decimal, by beginning at the figure on the right hand 
of the numerator, and pointing off as many decimal places, 
supplied with ciphers toward the left^ if necessary, as 
there are ciphers in the denominator. 

105. Ciphers annexed to the right hand of a Decimal 
Fraction have no effect upon its value. 

Thus, .37=—, .370 = -^ = -^, 
•^""» "" 100' ' 1000 100* 

.3700=-?^ =:-^, and so on: 
' 10000 100' 

as appears also from the consideration, that there are no 
thousandths, &c., in addition to the tenths and hundredths 
expressed by .37. 

J 06. Every cipher affixed to the Uft hand of a Decimal 
^aclion after the point diminishes its value tertfold^ 
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49 49 49 

Thus, .43 =—, .04S = j— . .0043 = ^^. &c; 

where each fraction U a tenth part of that which imme- 
diately precedes it : and indeed this is evident &om the 
circumstance of every figure being reduced one denomi- 
nation lower by means of each cipher. 

Hence^ Multiplication and Division by 10, 100, 1000; 
&c.> are immediately effected, by shifting the decimal 
point one, two, three, &c., places towards the right and 
left respectively. 

107. Every Vulgar Fraction may he expressed either 
accurately or approximately by a Decimal. 

Let us take the fractional quantities | and 4^1^: then^ 

8 8000"* 1000 1000 ' ' " 
and 4^-4 + J:?22. -^, tIt(7000) 

= 4 + -^ = 4 +.056 = 4.056: 

whence we have the following Rule. 

Rule. Divide th^ numerator of the fraction with 
as many ciphers annexed to the right of it, as may be 
deemed necessary, by the denominator : and the quotient 
comprising as many decimal places as there are ciphers 
axmexed, will be the decimal required. 

If the division do not terminate, neither is the cor- 
responding decimal Jinite, and the vulgar fraction is 
expressed only approximately by the decimal fraction 
thus found: three or four cipners are generally sufficient 
for all practical purposes, but the approximation will be 
nearer, the further the division is continued, inasmuch 
as by every succeeding step of the operation, a decimal 
fraction of an inferior denomination is added to the value 
already obtained. 

Examples for Practice. 

(1) Transform the decimals, .5, .75, .6^5, .1875, 
.9*56, to vulgar fractions in their lowest terms* 

Answers: i, |.|.^,^^. 
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(2) Find the simplest vulgar fractions equivalent to 
the decimals : .432, .00625, .1015625, .0109375. 

. 54 1 13 7 

Answers: -^^ ^, j^, ^^. 

(3) What vulgar fractions are equivalent to the 
mixed decimals: 

1.075, 3.01875, 7.0046875, 13.0005859375? 

43 483 4483 6656S 
Answers: —, j^, -g^, -^^^. 

(4) Convert the following vulgar fractions 
3 5 399 13 2504 . , , . , 
4^ 8' l28' 1600' "625 '^^ ^^'™'^'- 

Answers: .75, .625, 3.1171875, .008125, 4.0064. 

(5) What are the decimal fractions equivalent to the 
1 p ^- ^ 9 17 238 . 

vulgar fractions-,—, ^^go' 6250^ 

Answers: .16, .072, .006640625, .03808. 

(6) Express 3±, 4^^, 1^ of llj, M, as 

decimals. 

Answers: 3.16, 4.3125, 12.75, 1.25. 

(7) Represent the approximate values of 

12 3 ,5 
3'7'lT^^lS' 

by three or more places of decimals. 

Answers: .333&c, .2857142&C., .2727&C., .S84615&C. 
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108. Rule. Place the quantities so that all the 
decimal points may be in the same vertical line, to insure 
the combination of those of the same denominations: and 
add them together as in integers, taking care to place 
the decimal point in the sum, immediately under those 
of the quantities proposed. 
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105 



Examples, 



419 
.0256 
.08 
.2 1734 

.74194 



2 5.6 
4.8 05 
.009 
653.27 



Proof hy Vulgar Fractions. 
Using only the latter example, we have 

^256 25600 
^o*\j —" - ^^ ~~ « .AAA • 
10 1000 



4.805 = 



.009 = 



653.27 = 



4805 
1000 

9 . 
1000 ' 

65327^653270. 
100 1000 ' 



whence, the sum = 

256001+4805+9 + 653270 683684 ^,,^„" , 

ttt;^:;^ = ,^^^ = 683.684, as above. 

1000 1000 

Hence, decimals are said to be reduced to a common 
denominator^ when ciphers are supplied so that there is 
the same number of decimal places in each. 



II. SUBTRATION OF DECIMALS. 

109. BuLE. Place the less quantity under the 
greater as in Addition ; suppose ciphers to be supplied 
if necessary, in the upper line ; and the difference, found 
as in integers, will have as many decimal places as are 
contained in each, either expressed or understood. 



Examples. 



.7053 
.6729 
.0324 



41 .62 
34.917: 
6 .1 O^ 



^ — 5 
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Proof by Vulgar Fractions. 

In the latter of these examples, we have 

4162 34917 
41.62-34.917=^-3^-^ 

41620-34917 6703 g 
1000 ""looo" ' 

as before ; and the necessity of supposing the cipher to 
be supplied is here shewn. 
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110. Rule. Multiply together the quantities pro- 
posed as if they were integers : and the product will con- 
tain as many places of decimals^ as there are decimal 
places in the multiplicand and multiplier together. 



. 45 
.2 1 

45 
90 



0945 



Examples, 

6.27 
15.9 

5643 
3 135 
627 
9 9.6 9 3 

where the former product, found as if all the quantities 
were whole numbers would manifestly be ten thousand 
times too great, because 45 and 21 are a hundred times 
as great as .45 and .21 respectively ; and therefore the 
true product is obtained by placing the decimal point 
Jour places towards the left hand, by Article (IO6). 

Proof by Vulgar Fractions. 
The latter product in these examples is 
^^^ ..^ 627 159 99^9S ^r.^^ 
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IV. DIVISION OF DECIMALS. 

111. Rule. Supply the dividend with ciphers to the 
right hand> if necessary^ and divide exactly as in inte- 
gers: then the quotient will have a number of decimal 
places equal to the excess of the number of such places 
m the dividend above that in the divisor. 



Examples, 



.012^.241 728 
2 0. 144 



2.5). 1 8 7 5Q.0 7 5 
1 75 



12 5 
12 5 



In these instances, the numbers of decimal places in 
the quotients are the excesses of the numbers of decimal 
places in the dividends above those in the divisors, be- 
cause the divisors and quotients must together comprise 
as many places as the dividends, by the last Rule. 

Proof hy Vulgar Fractions. 

TT ,o^i. ^. 1875 25 1875 10 75 

Here, .1875:2.5 = — - — -t- — = — ^— x — =— — 
' ' 10000 10 10000 25 1000 

« .075, as before. 

If the divisor and dividend have the same number of 
decimal places, the quotient will comprise no decimal 
places as there is no excess : but if there be more places 
m the divisor than in the dividend, ciphers must be sup- 
plied so as to render the number in the dividend not less 
than that in the divisor, before the rule can be applied : 
and the reason of this will be seen in the following 
example : 

/?«. r^,. 625 25 625 1000 625 1000 
62.5^.025=— ^^—=-x-^=_x-^»25 

X 100 = 2500, where there is annexed to the right of the 
quotient .obtained as in integers, a number of ciphers 
equal to the excess of the number of decimal places in 
the divisor above that in the dividend^ the quotient being 
the integral quantity 2500. 

If the division do not terminate, three at Jour ^^i^sosv^ 
phces in the quotient are geaexaSly ^u^dexiX.. 
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Examples for Practice. 

(1) Express in decimals ; One and Fifty four hun- 
dredths ; Twenty four and Seventy nine thousandths ; 
Three hundred and fifteen^ Eight thousandths and Fifty 
miUionths. 

(2) Findthesumof.295,3.086, 12.87, .0051, 729.54: 
also, of 3608.26,360.826, 36.0826, 3.60826, .22314. 

(3) Add together S6.05S, .0079, .000952, 417, 
S5.5%03, .0000501 : and prove it by vulgar fractions. 

(4) Find the difference of 27-903 and .054: of 
7295.06 and 254.738 : of 35.08989 and 3.508989. 

(5) Required the excess of 2.057 above I.OO97 and 
of 3.025 above .003025 : and prove the results. 

(6) Required the product of .7I8 and .57 : of I6.8 
and .0024 : of 144 and .0625 : of 12.5 and .062216. 

(7) Multiply 270.56 by .37025 : .00579 by 3796.8 : 
.384759375 by .00032 : and prove them. 

(8) Find the continued product of .275, 2.75 and 
27.5: also, of 3.24, 2jf and .0028. 

(9) Required the quotient of 35.9424 by 7.02 : of 
.278831 by MS : of 11.444495 by 4.735 : of .020872522 
by .08635 : and prove them by vulgar fractions. 

(10) Divide .0257 by .0041: 325.46 by .0187: .0719 
by 27.53 : to three or more places of decimals. 

(11) Find the quotient of 1.68 by .024: of 97 1. 7 
by .123 : of 142.025 by .0437 : of 84.375 by .00375 : 
and prove the results by vulgar fractions. 

(12) Simplify the arithmetical expressions, 5 — 3.22 
+ 2.333 - 1.4444 and 75.012 - 7.50123 + .7501234 - 
^075012345. 

Answers : 2.6686 and 68.185881055. 

(13) Express in the decimal notation, the value of 
8.0625 - 62V - .00375 + 1.09236 - ?^. 

Answer : .543^1. 
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(14) Simplify 1.26 of 66| + 5^ of 1.0375 and 3} of 
.003 -.0011 of 7i. 

Answers: 89.395 and .0029. 

(15) Reduce to decimal forms^ the following ex- 
pressions : 

2.004 3.375 .0295 1.18 , 

— - — X : r and 

.167 4 3.04 .00152 

3.25 - 2.765 + 3.125 x 8 -.607095 4- .027. 

Answers: 10.125, .0000125 and 3. 

EEDUCnON OF DECIMALS. 

112. A general view having now been taken of deci- 
mals^ we proceed to shew how they may be made to 
change their denominations when they are considered as 
belonging to a particular unit; and in what ways they 
may be adapted to the practical computations in which 
they are most frequently employed. 

113. A Decimal may he changed into another^ whose 
denomination shall have a given relation to its own* 

Rule. Multiply or divide the decimal by the num- 
ber or numbers which connect the denominations in order, 
according as the denomination of the required decimal is 
lower or higher than its own. 

For, from what has been said in the reduction of 
compound quantities, it is evident that 

cwt. 9& qn. llw. qTB. qn. cwt. cwt. 

.I6 = .l6x4 = .64 and 14 = ^4 = -5 = ^ = -125. 

114. A compound quantity may he exhibited in the 
Jbrm of a Decimal whose denomination is given. 

Rule. Divide the lowest denomination by the num- 
ber which connects it with the next, and to the left of 
the quotient affix the number of this denomination : and 
continue the process till the required denomination is ' 
obtained. 

Let us take 7 fur. 25 po., and expiess \X oc&^e ^^^vo^aV 
-of a mile: then. 
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pa ftur. ftir. mL mL tar, toL 

25=1^ = .625 = ^ = .078125 and 7 -j^. 875: 

whence, the decimal will be .078125 + .875 « .953125 of 
a mile : also, the same processes are comprised in the 
following more convenient and practical farm: 
40^25.000 

8J7. 625000 

•953 125 



which suggests the Rule. 

115, The value of a Decimal may he expressed by 
means of the known parts of its units. 

RuLB. Multiply the decimal by the numbers which 
connect the successive denominations in order ; and the 
integral parts of the products taken out, as they occur^ 
will be the value required. 

For^ to find the value of ,655 of a day, we have 

days, bra. bra. 

.655 = .655x24= 15.72: 

lurs. min. tntii, 

.72= .72x60 = 43.2: 

min. sea sea 

.2= .2x60 = 12: 
that is^ 15 hrs. 43 min. 12 sec. is the value required : and 
the foUo wing /omt amounts to the same things furnish- 
ing the Rule. 

days. 

.655 
24i 



262 
13 10 



hrs. 1 5 . 7 2 
60 



min. 4 3.200 
60 



sec. 12.000 
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Examples fir Practice, 

(1) Express £.00375 as decimals of a shilling and 
a penny. 

Answers : .075^. and .Qd. 

(2) What decimals of a pound are 8.4 of a penny 
and .4068 of a farthing ? 

Answers: £.035 and £.00042375. 

(3) Reduce 2.15 lbs. to the decimal of a cwt and 
24 yards to the decimal of a mile. 

Answers : .OI919 &c. and .0136 &c. 

(4) Reduce 7 oz. 4 dwts. to the decimal of 1 lb. and 
2 qrs. Si nls. to the decimal of an English ell of five 
quarters. 

Answers: .6 and .555 &c. 

(5) Reduce 12 hrs. 55 min. 23^^ sec. to the decimal 
of a day and 5 days 12 hrs. 25 min. 37*92 sec to the 
decimal of a week. 

Answers: .538461 &c. and .788257 &c 

(6) Express 12s. G^d. and 15^. 9f^. as decimals of 
£1 and £4. 13^. ^d. as a decimal of £5. 

Answers: .628125, .790625 and .93375. 

(7) Reduce 1^. 3d. to the decimal of 10«., 5s. to the 
decimal of 13^. 4(f. and 13s. 6^d. to the decimal of 
IBs. 6d. 

Answers: .125, .375 and .875. 

(8) Find the values of .45 of £l., .16875 of £3. and 
2.86875 of £6. 

Answers : 9^.^ 10^. l^d. and £l4. 4^. 3d. 

(9) Required the values of £.5675, .375 cwt., .6875 
yds. and 13.3375 acres. 

Answers: 11^. ^d,, 1 qr. 14 lbs., 2 qrs. 3na. and 
13 ac. Iro. 14 po. 

(10) What are the values of .2031250^^. «xA 
•73625 bush, of com? 

Answers : 1 bush. 2 pks. 1 gal. and ^n^V^l «A- ^Vt^^S^ 
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(11) What is the value of .07 of &% 10*. and of 
•O474609373 of £10. 13*. 4f£f.? 

Answers: Ss,6d. and 10*. 1^. 

(12) Find the value of .5 shillings +.7 crowns +.125 
pounds. 

Answer: 6s, 6d. 

(IS) Reduce £24. I6*. ^<l. and £167. 10*. 6d^. i/., 
to decimals of the same denomination^ so as to find how 
often the former is contained in the latter. 



Answer : 6.75. 

"^16' 



(14) Express .375 of a guinea + -^ of a crown + .3 



of 7'* &f. - 1 of 2d. as the decimal of I6*. 

o 

Answer: .6875. 

KECURRING DECIMALS. 

116. Dep. In the conversion of a vulgar fraction 
into a decimal, if the division performed according to 
the rule laid down in Article (107) do not terminate, 
but the figures of the quotient continually recur in some 
certain order, the result is called a recurring or circulating 
decimal : the quantity repeated is styled its period and 
is termed a simple or a compound repetend according as 
it consists of one or more figures : and the extent of the 
period is denoted by means of dots placed over the 
Jirst and last of the figures which compose it 

. If the quotient comprise other figures besides those 
which are repeated, it is called a mixed circulating deci- 
mal, as it consists of a non-recurring and a recurring part. 



£x. 1. Convert ^ and ^ into decimals. 
Proceeding according to the Rule, we have 
3JI.OOOO&C. ' ^3^4 



3 3 3 3 &JC. 



3J4. 00000 O&c. 



. 1 4 8 1 4 8 &C. 



whence, \ = .3333 &c. and ~ = A48148 &c. : 
3 *( 



Ex. 2, What is the decimal corresponding to ^? 
As in the preceding instances^ we have 
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the former having the simple r^etend 3 and the latter 

the compound repetend 148: and these repetends being 

denoted by 3 and 148 respectively, 

1 • 4 • • 

we have - = .S and ---«.148, 
3 2" 

which are termed pure circulates, 

is the decimal < 
ig instances^ we 

(6J 5. 00 00 &c 

36 < 

I 6J .8333 3&C 

.1 38SS&C 

whence, ^ is equivalent to the mixed circulating decimal 

.13888 &c., the non-recurring part being 13 and the 

5 
recurring part 8, and it is written -^=.138. 

Conversely, every pure or mixed circulating decimal 
must be equal to, and expressible by, a vulgar fraction. 

117* To Jind the vulgar fraction tvhich shall he equi» 
valent to a pure recurring decimal. 

Let the circulates be £66 &c. and .9696 &c., or .6 
and .96 : then if, for the sake of conciseness, we suppose 
the symbols x and y to represent their values, we shall 
have the following results from Article (106) : 

0?= .666 &c. I y- .96QQ&CC 

1 times x = 6M6 &c. | 100 times y = 96.^^ &c. 

whence, subtracting in each case, the former from the 
latter, we obtain 



9 times « = 6, 

and j: = — =s — : 
93 



99 times^ «96, 



2 32 ' 
that is, the vulgar fractions are ~ and --. 

These results may eaisily be yeri^ed, «xiA. ixosia. ^«»> 
we derive the following Rule. 
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RuLB. Make the repetend the numerator of a fraction 
whose denaminaiar shall consist of as many nines as there 
are figures in the said repetend : and this reduced to its 
simplest terms will be the vulgar fraction required. 

118. To find the vulgar fraction which shall reprc" 
sent the value of a mixed recurring decimal, 

Ex. To ascertain the vulgar fractions equivalent to 
27 and ,2457, we have^ by abbreviating the forms, 



a?- .27 
10j:= 2.7 
100ar = 27.7 



y = .2457 
100^= 24.57 
10000^ = 2457.57 



whence^ subtracting the second line from the third in 
each case^ we find 



9ar = 25, 

J 25 5 
and iT s: "— B — ; 
90 18' 



9900^ «= 24SS, 

, 2433 811 
and i/»- 



^"9900 3300* 
and these put in the following j^rm^^ 

^ 2433 ^ 2457-24 
^"'9900"' 9900 



25 27-2 



90 90 
furnish us with the following Rule. 

Rule. Make the non-recurring and the recurring 
parts taken together, diminished by the non-recurring 
part tal^en alone, the numerator of a fraction whose 
denominator shall consist of as many nines as there are 
recurring figures^ followed by as many ciphers as there 
are non*>recurring figures ; and this reduced to its lowest 
terms will be the vulgar fraction required. 

119. It will hence appear that the arithmetical ope- 
rations upon recurring decimals, may be correctly effected 
by means (^ the same operations performed upon their 
equivalent vulgar fractions. 

Ex. Let it be required to find the sum, difierence^ 
product and quotient, of the recurring decimals S and 
Jff6. 
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jt 9 • • R 

Here, by the rules, we have .o = - and .296 = x= • 

3 27 

therefore, the sum = - + — — -- = .962. 

the difference = --—=— = .SJO : 

the product = | x J- = ^= .197530864 : 
3 27 81 

2 8 9 
the quotient = - -f--- = 7 = 2.25 : 
o 27 4 

the first three of which are recurring decimals and the 
last a terminating quantity when expressed decimally ; and 
it may be remarked that the same results could have been 
found from the immediate operations, only by means of 
a less satisfactory process. 

120. In the same manner, recurring decimals of spe^ 
cified units may be treated, and their exact values thence 
obtained. 

Ex. Find the value of .16 of a pound sterling, 
£. £. s. s. s. d. 

Tj ,^ 1 1 20 20 ^ ^ 

Here, •16 = ^=^ x— =-g- = S .4. 

121. Since, in converting a vulgar fraction into a 
decimal, either 1, 10, 100, 1000, &c., or their multiples are 
divided b^ the denominator, it is evident that the decimal 
will terminate or not, according as these numbers are 
divisible by the denominator or not : whence, as the only 
incomposite factors of 10, 100, 1000, &c., are 2 and 5, 
it follows that vulgar fractions whose denominators can 
be resolved into these factors are ^nite decimals, whilst 
all others are recurring quantities. 

3 3 

Thus, —- = - — - — - =s .06 a finite decimal : 
50 2 X 5 X 5 

T^ ^^ — 7i — S-" .*16 a recurring deoimd. 
12 2 X 2 X 3 ® 

It is dear that at every step of tJie dVvVsicsii, ^^^^^ 
jnainder must he Jess than the dtoomixMtot c^tfefcfe^R^**^ 
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and therefore the number of different remainders can in 
no ease' exceed the denominator when diminished by 1 : 
hence> the same operation will have to be repeated upon 
the same figures^ whenever the division does not termi- 
nate, so that the figures in the remainders and quotients 
must necessarily recur with the same limitation. 

Thus, in |=. 428571, in ^ :=- .384.6l'5 and in 
7 13 

■--= 1.7857142, the periods consist of six figures. 
14 

Also, to shorten the operation for determining the 
period when the denominator is not a small number, as 

5 
for instance in tt^, we may proceed as follows: 

since — - = .05882iV, by actual division : 

therefore — = .05882^ x 6 = .35294^^ : 

whence, — = .0588235294^: 

again, ^= .0588235294^ x 2 = .1176470588^, 

which gives ^= .058823529411764705883^, 

and therefore ^ = .2941 1764705882352941 A^, 

whereof the period comprises l6 figures: and this pro* 
cess proves that in such instances the period consists 
of thie same digits whatever the numerator of the fraction 
may be, and merely commences with a different figure. 

1150 
Again, we have = 3.45, the period of which is 

a mixed quantity; but for the application of the pre- 
ceding rules^ we may put it in the form -^^^^SA53, 
whereof the period is entirely /roclional. 
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Examples for Practice. 

(1) What are the recurring decimals corresponding 
to the vulgar fractions^ 

2 _3 IS ^ ISpj, 

9' 11' 99' 37' 55' 

Answers : .2, .27, .is, .iS5, 2.345. 

4 5 8 

(2) Convert — , — and -- into recurring decimals. 

xo 4JL Oo 

Answers: .307692, .12195 and .1509433962264. 

(3) Find the vulgar fractions equivalent to the re« 

curring decimals : .5, .627> '5Siy .4263. 

. 5 1 178 1421 

Answers : — • — • • . 

9 37" SSS' 3333 

(4) What vulgar fractions will represent the values 
of .362 i, .47543, .6761904, .008497133? 

239 3958 71 83 



Answers : 



660' 8325' 105' 9768' 



(5) Required the least numbers of which .4761 90 
is the recurring quotient : and find the error in the cor-* 
responding fraction when .47619 is taken to represent it. 

Answers : 10 and 21, and ^^^^^, . 
* 233331 

(6) Multiply .571428 by 1.25 and divide .461538 
by 30. 

Answers: .714285 and .oi53846. 

(7) Find the sum, difference, product and quotient 
of .96'34S and .3. 

Answers : 
the sum « 1 .29678, the difference = .63012, 
the product » .32il5, the quotient = 2.89036. 

(8) Find the value of .972916 of £l. and of .0134 
of 3.5 moidores of 27'* each. 

Answers : 19^. 5^(1. and Is. S^d. 
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(9) What is the value of .234, when the unit is 
worth £20. and the worth of .3 of ,3, when the unit 
is valued at £l08 ? 

Answers: £4. 13*. 8^d. Jf/. and £12. 

(10) Find the value of I.916 of 8*. and of 3.07 of 
11*. 3d. 

Answers: 15*. 4^^. and £l. 14*. Ts^^* 

(11) Determine the value of 46.96 of 1 mi. 6fur. 20po. 
and of 13.275 of 5^ acres. 

Answers : 85mi. 7po. l^yd. and 73ac. 2po. 20^yd8. 

(12) Reduce 1,7857142 of a cwt. to its proper value, 
and find what decimal it is of a ton. 

Answers : Icwt 3qrs. 4lbs. and .089285714. 

(13) Required the exact value of .7 of 7*. 6d. 
- .84 of 16*. 6d, + .927 of £2. 10*. 5d. 

Answer: £l. 18*. 7^« 

(14) Find the value of .2083 of .3428571 of a cwt. 
and of .846153 of .OSi of £6. 10*. 

Answers : 8lbs. and 9*. 

(15) Find the value of .285714 of 30£ + 
6.857142£ + .6 of .714285 of .6£ + 1.3 of .428571*. 

Answer: £15. 15*. lOfrf. 



CHAPTER VI. 



RATIO AND PROPORTION, 

WITH THBIB MOST IMPORTANT APPLIOATIONS. 



RATIO* 



122. Def. 1. Ratio is the relation which one number 
has to another, or, which one quantity numerically con- 
sidered bears to another of the same kind, the comparison 
being made by observing what multiple, part or parts, 
the former is of the latter. 

Thus, the relation of the abstract numbers 4 and 2 is 

ivritten 4 : 2, and read four to two; and it will be 

4 
expressed by ^ = 2 : the same being used to denote the 

relation of the concrete quantities 4 and 2, provided they 
be of the same kind and of the same denomination, 

123. Def. 2. Of the numbers or quantities compared 
and called the Terms of the ratio, the former is styled 
the Antecedent and the latter the Consequent; also, the 
ratio is said to be a ratio of greater or less Inequality 
according as the antecedent is greater or less than the 
consequent, and it is a ratio ^ Equality when these 
terms are equal. 

Thus, 6 : 5 is a ratio of greater inequality ; 4 : 9 is 
one of less inequality, and a ratio of equality may be 
denoted by 1 : 1, or 2 : 2, or 3 : 3, &c., at pleasure. 

124. Hence, the Magnitude of a ratio is expressed 
by the vulgar fraction whereof the antecedent is tne Nu- 
merator and the consequent the Denominator; thus, the 
ratio of f 9 and f 12, written 9 : 12, will have its mag-" 
nitude expressed by the fraction ^, or, reduced to its 
lowest terms, by the fraction f : whereas, the ratio of 9d. 

to 6s. will be that of 9^- to 72 J., whicb « ~^ -- ^.'"V 
and ibis is therefore the same as tliat o£ 9'^iV»* \» ^^2^** 
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Also^ if the terms of the ratio be vulgar fractions 
or decimals, the fraction expressing its magnitude may 
be simplified by the rules already given. 

125. The magnitudes of two or more ratios naay 
therefore be compared, by comparing the values of the 
vulgar fractions which represent them, according to the 
principle of the last Article. 

If the ratios be S : 4 and 5:7; then their magni- 
tudes will be represented by f and f ; 

, 3 21 J 5 20 
hut -T^-T and -= -—; 
4 28 7 28' 

and f J being greater than Jf , it follows that the ratio 3 : 4 
is greater than the ratio 5 : 7 ; in other words, 3 has to 
4 a greater ratio than 5 has to 7. 

126» A Ratio of greater inequality is diminished^ and 
a Ratio of less inequality is increased, by adding the same 
quantity to both its terms. 

First, let us take the ratio o£ greater inequality 7 : 5, 
and add 1 to both its terms, so that it becomes 8:6; 

7 42 
then the original ratio =-=---, 

and the new ratio ■=^ ~ «o' 

therefore the new ratio is less than the original one. 

Secondly, taking the ratio oHess inequality 8:11, and 
adding 2 to each term, so as to make it 10 : 13, we have 

, . . , . 8 104 
the original ratio = 77- = tt^ * 
11 14S 

and the new ratio = ts = 77^ , 

lo 14a 

the latter of which fractions being greater than the former, 
the new ratio is the greater of the two. 

Exactly in the same manner it may be shewn that a 
Ratio of greater inequality is increased^ and a Ratio of 
Uss ineguality is diminished, by subtracting the same 
quantity from each of its terms. 
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]21 



ibiirms of a Ratio he multiplied or divided 
■HVH/t'/y, the magnitude of the ratio will not 



mtio be 3 
l&Talent to 

6 
IB 



8; then its magnitude is ^ 

rtido 3 : 8 is equal to each of the ratios 
^ IS : S2, &C-, which arise from the equal 
I of its terms : and conversely, each of the 
is reducible to the original one by the equal 
• terms. 

IF. 3, If the antecedents of two or more 
itiplied together for a new antecedent, and 
MDts be multiplied together for a new con- 
resulting ratio is said to be compounded of 
id it is called their Compound Ratio, 

•iSbe ratios be 2 : 3, 4 : 7 and 8 : 13, the 
Hises from their composition will be 

^ X 8 : 3 X 7 X 13, or 64 : 273. 



Examples for Practice. 

pt are the simplest expressions of the mag* 
te ratios 3:5, 4:12 and 9:21? 

Answers: i, i and f. 

idi of the ratios is greater, 5 : 9 or 7 : 11; 
7 : 83 and 34 : 27 or 37 : 31 ? 

iBwers: 7:11, 17 : 23 and 34 : 27. 

ich of the three ratios 7 : 15, 1 J : 2 J and 
the greatest? 

Answer: .75 : .96. 

I whedier the ratios 7 : 9, H • 37 and 10 : 7 
1 cxr diminished by adding 1> 2, 3, to their 
^tively. 

: The first and second ate \xicte«Afc^ «sv^ ^^ 
miahed. 
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(5) Are the ratios 4 : S, 9 : IS and 15 : 22 increased 
or diminished by subtracting 2, 3, . 4, from their terms 
respectively ? 

Answers : The first is increased and the second and 
third are diminished. 

(6) What are the ratios arising from the composition 
of 5 : 12 and 6 : 25, and of 5 : 7, 7 : 18 and 18 : 35? 

Answers : 1:10 and 1 : 7* 

PEOPORTION. 

129. Dep. 1. Proportion is the. relation o£ Equalily 
subsisting between two or more ratios. 

Thus, the ratios 2 : 3 and 6 : 9^ being expressible 
by the equal fractions § and f , are equal, and the four 
numbers 2, S, 6, 9 form a proportion which is written 

2 : 3 :: 6 : 9» 
and is read 

as 2 is to 3 so is 6 to 9, 

the numbers 2, 3, 6, 9 being its Terms which taken in 
order are called Proportionals. 

Hence, in every proportion, the first term is greater 
than, equal to, or less than the second, according as the 
third term is greater than, equal to, or less than the fourth. 

130. Dep. 2. In a proportion thus expressed, the 
numbers 2 and 9 are called the Extremes and the num- 
bers 3 and 6 the Means: and it follows immediately 

' from the equality of the ratios denoted by 

2^6 
3 9' 
and the multiplication of them both by 27, that 

^x27 = 5x27; 

that is, 2x9 = 6x3: 

in words, if four numbers constitute a proportion, the pro- 
duct of the extremes is equal to the product of the means. 

131. This property of a proportion proves imme- 
diately that either of the extremes may \ie obtdmed by 
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dividing the product of the means by the other; and 
that either of the means may be had by the division of 
the product of the extremes by the other : also, these 
qualities constitute the general practical application of 
JProportion. 

132. The terms of a proportion may be made to 
undergo changes and modifications in the same way as 
the corresponding terms of the vulgar fractions. 

Thus, 3 : 4 :: 9 : 12, gives 3 x 12 = 4 x 9: whence 

|=±.-or3:9::4:12; 

4 12 

-3=y; or 4 : 3 :: 12 : 9; 

and we observe that in each of these the product of the 
extremes equals that of the means. 

Also, if four numbers form a proportion and any 
equi-multiples whatever of the first and second be taken, 
and any equi-multiples whatever of the third and fourth, 
the resulting numbers taken in order will still form a 
proportion. 

5 15 2 3 

For, since 5 : 3 :: 15 : 9> or - = ~; and also - = 5 ; 

5 2 15 3 5x2 15x3 

we have 7:x-=-— x-, or = — — - ; 

3 2 9 S' 3x2 9^S ' 

whence, 5x2: 3x2 :: 15x3 : 9 x 3. 

Again, if any equi-multiples whatever of the first and 
third numbers be taken, and also any equi-multiples 
whatever of the second and fourth, the numbers thence 
arising will form a proportion. 

Thus, if we take the proportion above, we have 

5 4 15 4 5x415x4 

S''?'' 9 ""7' '''' 3x7"" 9x7' 

whence, 5x4: 3x7 :: 15x4: 9^7r 
The new ratios constituting these -^to^otXaow^ \i«vTi% 
equal to the original, the division of Xhe Xerc^^ ^^^ 
proportion, in accordance witt tlais AT^de, viVSV «'^*^'^ 
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facilitate practical computations by diminishing the num- 
ber of figures employed* 

133. If four quantities of the same kind taken in 
order be proportionals, it will be useful to recollect that, 

(1) The first : the third :: the second : the fourth. 

(2) The second : the first :: the fourth : the third. 
(S) The sum of the first and second : the first :: 

the sum of the third and fourth : the third. 

(4) The sum of the first and second : the second 
:: the sum of the third and fourth : the fourth. 

(5) The difierence of the first and second : the first 
:: the difference of the third and fourth : the third. 

(6) The difference of the first and second : the second 
:: the difference of the third and fourth : the fourth. 

(7) The sum of the first and second : the difference 
of the first and second :: the sum of the third and 
fourth : the difference of the third and fourth. 

These may easily be shewn to be correct by any of 
the proportions hitherto given. 

134. Of two or more proportions if the correspond- 
ing terms be multiplied together, the numbers thence 
arising will also form a proportion.. 

Thus, if the proportions be 

S : 7 :: 6 : 14 and 4 : 9 :: 12 : 27; 

,36 ,412 
then - = TT and - = ;r-; 
7 14 9 27' 

, 346 12 3x46x12 

whence,. x^ = -x-, or^^=j^^-; 

and 3 X 4 : 7 X 9 :: 6 X 12 : 14 x 27. 

This operation is called the Compounding of propor- 
tions, and the resulting proportion is said to be com- 
pounded of the others. 

In these Articles abstract numbers have been con- 
sidered : but when the quantities are concrete^ we must 
take care to exclude such proportions as express ratios 
between things of differenl kinds: \)ti\x%> Uv<e T«xio of 
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lOlbs. to 15lbs. being the same as that of Zs. to S^., we 
have the proportion 

lOlbs. : 15lbs. :: 2j. : Ss.; 

but we cannot have the proportion 

lOlbs. : 2*. :: 15lb8. : Ss, 

as no ratio subsists between lOlbs. and 2^. or between 
15lbs. and Ss, 

Nor indeed can we even in the first of these forms 
multiply together the concrete quantities so that the pro- 
duct of the extremes equals the product of the means ; 
but what we do in finding any term in such cases^ is 
to consider merely their numerical values^ because the 
ratios being abstract magnitudes will remain the same 
whatever be the nature of the quantities they are used to 
compare. See the Appendix, 

135. Ratio and Proportion as here used are gene- 
rally called Geometrical Ratio and Geometrical Propor- 
tion, because they are employed in Geometry in the same 
sense: also, Arithmetical Ratio and Arithmetical Propor- 
tion are sometimes used to express the Differences of two 
or more numbers and their relations to each other^ 
exactly in the same manner as we have throughout 
applied Ratio and Proportion to denote their Quotients 
and the relations subsisting among two or more such. 

7 2 
Thus, of 7 and 5, the geometrical ratio is 7 : 5 =-= 1 - , 

5 5 

whereas their arithmetical ratio is 7—5 = 2: also, the 

numbers S, 4, 15, 20 form a geometrical proportion, 

3 15 
because t = ^ '. but 4, 3, 2, 1 constitute an arithmetical 

proportion, since 4—3=2-1. 

When necessary, the relations of numbers considered 
in the latter point of view may be determined by means 
of the equality 4 — 3 = 2 — 1, in a manner similar to what 
has been done above. 

136. If three numbers as 18, 13 and 8 be in what 
is called continued Arithmetical proportion, then 1 8 — 1 3 
= 13 - 8 ; and if 13 + 8 be added to both members of tl\v% 
equality, we shall have 

18 + 8 = 13+13; 
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that IS, the Sum of the Extremes is equal to twice the 
Arithmetical Mean between them ; and therefore the 
arithmetical mean is equal to half their sum. 

In the same manner^ l6, 8 and 4 are said to be in 
continued geometrical proportion, because 

16 : 8 :: 8 : 4, or ^ = ? • 
o 4 

and multiplying both sides of this equality by 8 x 4, we 
obtain 

16 X 4 = 8 X 8 ; 

or, the Product of the Extremes is equal to the Square of 
the Geometrical Mean between them : and consequently 
the geometrical mean between two numbers is equal to 
the Square Root of their product. 

These terms and the corresponding operations form 
the chief substance of the next Chapter, and they have 
been noticed in this only because they appear to arise 
immediately out of what has been considered in it 

Applications of Ratio and Proportion, 

137. Ratio and Proportion will now be applied and 
exemplified under the following heads. 

(1) The Rule of Proportion. 

(2) Simple and Compound Interest. 

(3) The Natures and Transfers of Stocks. 

(4) Discount or Rebate. 

(5) The Equation of Payments. 

(6) The Rule of Fellowship. 

(7) The Rule of Alligation. 

(8) The Doctrine of Exchanges. 

I. THE RULE OF PROPORTION. 

138. Def. As has been observed in The Rule of 
Three of which this is only another name, we have 
here three quantities either simple or compound given 
to find a fourth which shall complete the proportion ; 
and this is called a fourth proportional to the three quan* 

t/t/es proposed taken in order. 
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1S9. Assuming as an Axiom, that Effects have the 
same relation or ratio to each other as the Causes which 
produce them under the same circumstances^ it is evident 
that in any two cases of the same kind we shall have the 
following proportion : 

First Cause : Second Cause :: First Effect : Second Effect ; 

and then, what was said in Articles (ISO) and (131) will 
enable us to find any one term if the three others be 
supposed to be given. 

To avoid the trouble of writing the name of the re- 
quired term or quantity at length, we shall always denote 
it by the simple symbol x which must be treated in the 
same way as any other number : and it may occupy any 
place in the proportion either by itself or as a factor 
either integral or fractional with given numbers, as in the 
following Examples. 

Ex. 1. If 5 men can mow 12 acres of grass in a 
certain time; how many acres will l6 men be able to 
mow in the same or an equal time? 

' 16 men I ^^ ^^ ^^** ^^^ second \ Causes: 

X acres I *"*® ^^ ^^^* *"^ second •! Effects : 
whence we have the following proportion : 

men men aa ma 

5 : 16 :: 12 : x; 

and therefore by the Articles just referred to, we find 

5 xx= 16x12 = 192: 

1<)2 
whence, x = -^ ac. = 38 ac. 1 ro. 24 po. 

Ex. 2. If 8oz. of bread be sold for 6d, when wheat 
is at £,\5 a load; what should be the price of wheat 
when 12oz. are sold for 4£?.? 

If the price of a load of wheat be regulated by, so as 
to be proportional to^ the price of an ounce of bread, since, 

in the former case the price of loz*« V^.^\d.^ 

and in the latter the price of lo». =-^s^• «* V*-* 
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we mustliave the following proportion, 
f</. : Jrf. :: £l5 : £x ; 

whence, x = J x 15 -^ | = £^= £6. 13s. 4^1, which is 
the required price. 

These examples, the causes in which are simple 
terms being dependent upon only one magnitude, are 
instances of what is called Direct Proportion, because the 
effect is greater or less in the same proportion as the 
cause is greater or less, 

Ex. 3. If 10 men can perform a piece of work in 12 
days ; how many days will it take 8 men to do the same.^ 

Here, the causes will evidently be to each other as 
10x12 to 8xx; and the effects are the same, and may 
therefore be represented by 1, or any other symbol : 
whence, 10 x 12 : 8 x j: :: I : 1 ; 
therefore 8 x x = 10 x 12 = 120, 

and a: = -^=»15 days. 

Ex. 4. How much in length, that is Sft. pin. broad, 
will be equal to what is 37ft. pin. long, and 7ft. 6in. broad } 

Here, the first cause = 45in. x x in. ; 
the second cause = poin. x 453in. ; 
and the effects are to be equal: 

therefore 45 x x : po x 453 :: 1 : 1 ; 
whenc€j, 45 x x = pO x 453, 
and ^ = 90x453 ^ ^g.^ ^ ^^^ g.^ 

In these two examples, the entire causes are compound 
quantities, depending upon two subordinate causes ; and 
because the effect is the same, each subordinate cause is 
less or greater according as the other is greater or less, 
constituting what is called Inverse Proportion. 

Ex. 5. If a person can perform a journey of 100 
miles in 12 days of 8 hours each; how far will he be 
able to travel in 15 days of p hours each? 

Here, 12x8 and 15 x p are the causes, and the dis- 
tancejs travelled 100 and x are tVie e^ecXA*. yfYieueie, 
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12x8 : 15 x9 :: 100 : x; 

J 15x9x100 ,,^, ., 
*"" * = — 7^; — s — = 14.0 J miles. 
12 X 8 ^ 

Ex. 6. If 60 bushels of corn feed 6 horses for 50 
days; in how many days will 15 horses consume 75 
bushels ? 

The causes are 6 x 50 and 15 x x, and the effects are 
60 and 75 bushels: therefore 

6 X 50 : 15 X X :: 60 : 75, 

or, 2 X 10 : x:: 4 : 5; 

whence, x = = 25 days. 

In the former of these examples, the distances tra- 
velled are in the compound ratio of the numbers of 
days and their lengths : and in the latter, the numbers 
of bushels have the same ratio as that which is com- 
pounded of the numbers of horses and days. 

Ex. 7. If 25 labourers can dig a trench 220 yards 
long, 3ft 4in. wide and 2fl. 6in. deep, in 32 days of 9 
hours each : how many would it require to dig a trench 
half a mile long, 2f^ 4in. deep and 3ft. 6in. wide, in 36 
days of 8 hours each? 

First cause = 25 x 32 x 9) being the products of the 
second cause = x x 36 x 8/ subordinate causes : 

10 5 
first effect = 220 x -— x ^ 

7 7 
second effect = 880 x - x -r. 
9 6' 



the mixed quantities being 
reduced to fractions of 
1 yard. 



Hence, we have the following proportion : 

10 5 7 T 

25 X 32 X 9 : X X 36 X 8 :: 220 X — ^ g : 880 x ^ x 1; 

or, 25 : X :: 1 X 10 x 5 : 4 X 7 X 7; 

, 25x4x7x7 ^«i, 

whence, x = -— — -— — ^— = 98 labourers. 
1 X 10 X 5 

These examples, the causes and ettecXaWwv^ «v\ss^^ 
and compound quantities consisting o£ xSciea xcs^eK^wi^ 
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subordinate partial causes and effects^ are Instances of 
Compound Proportion in its fullest meaning. 

Ex. 8. If 10 excavators can dig 12 loads of earth in 
l6 hours, whilst 12 others can dig 9 loads in 15 hours: 
find the time in which they will jointly dig 100 loads. 

Since, the ratio 10 x l6 : 12x15 is not equal to the 
ratio 12 : 9, it follows that the individuals of the two 
sets do not work at the same rate ; but the rate of one of 

12 3 

the^r*/ set being represented by — — t^^'m\^ ^^^ ®^ 

one of the second set will be equal to = -- : 

^ 12 X 15 20 

whence, 1 1^ ^ 271 "*" ^^ ^ ©nl ^ ^^® required time = 100; 

or, (t + t) of the required time = 100 hours : 

20 
that is, the required time = -- of lOOhrs = 74»^jhr8. 

^t 

140. In practice^ when the partial causes and effects 
consist of compound quantities, it is most convenient to 
express them by vulgar fractions or decimals : and when 
the entire causes and effects are compound quantities, to 
proceed as in the third chapter (all the examples of which 
are instances of this rule) shortening the operation as 
much as possible by means of Article (132). 

Examples for Practice. 

(1) Find a number which shall have the same ratio 
to 7 as 27 has to 3 : also, a magnitude to which S^ has 
the same relation as S\ has to 2|. 

Answers: 63 and 3 Ij^. 

(2) Required the number which has to 40, the ratio 
of 3.75 to 3 : and find a fourth proportional to^, 17 and 
1.25. 

Answers : 50 and 74f . 

(3) Complete the proportion of which the first, 
second and fourth terms are -- , 35 and S| : also, that 
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whose firsts third and fourth terms are .35^ 1^5 and 
.0145. 

Answers : The third term is -r;- and the second 

ooO 

term is .0000406. 

(4) If when malt costs 63s. a quarter, the price of 
a quart of ale be 4g(f.> what should its price be when malt 
is at 66s. 6d. per quarter ? 

Answer: 4j(2. 

(5) If a person can perform a journey in 24 days of 
10^ hours each; what time will it take him to do the 
same when the days are 12| hours long ? 

Answer : Ipjf days. 

(6) How much in length that is 15 poles in breadth, 
will be equivalent to an acre of land which is 40 poles in 
length and 4 poles in breadth ? 

Answer : lOpo. 5yds. 2ft. 

(7) If 400 soldiers consume 5 barrels of flour in 
12 days; how many soldiers will consume 15 barrels in 
2 days? 

Answer : 7200 soldiers. 

(8) If 7lbs. of sugar be sold for 4^. 3d. when the cost 
of a cwt. is £,3. ts. 3d. : what should be the cost of a 
cwt when 11 lbs. is sold for 7^* 1^£^*? 

Answer : £,3. 5s. 6^d. ^. 

(9) If a sixpenny loaf weigh 4.35 lbs. when wheat is 
at 5.75^. a bushel, w^at must be paid for 49.Slbs. of bread 
when wheat is at 18.4^. a bushel ? 

Answer : 13.3s» 

(10) A person is able to travel 142.2 miles in 4^ 
days of 10.104 hours each.: in how many days of 8.4 
hours each can he travel 505.6 miles? 

Answer: 19*36 days. 

(11) If 20 men can perform a piece of work in 
12 days'; how many men will perform another i^i^ce^ <2kl 
work three times as great in a fiftVx patt o"^ ^e >3XDft'^ 

Answer : 800 men* 
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(12) If 1,2 men can mow a field 300 yards square 
in 10 days : how many men can mow a field of 600 yards 
in length and 10 yards in breadth^ in 4 days ? 

Answer : 2 men. 

(13) If 3 men working lOhrs. a day can reap a field 
measuring 150yds. by 240yd8. in 5 days, how many men 
working 12hrs. a day, can reap a field measuring 192yds. 
by 300yds. in 2 days ? 

Answer : 10 men. 

(14) If 7 men can build a wall 245yds. long, 8ft. 
high and 18in. thick, in 35 days of 12hrs. each ; what 
length of wall, 10ft. high and 27in. thick, could 12 men 
build in 43 days of lOhrs. each ? 

Answer: 229yds. 1ft. 

(15) If 27 men can do a piece of work in 14 days, 
working 10 hours a day; how many hours a day must 
24 boys work, in order to complete the same in 45 days, 
the work of a boy being half that of a man ? 

Answer : 7 hours. 

(16) If 4 artillery men can fire a gun 48 times and 
5 men 52 times in an hour ; how much more time will be 
required for firing 21216 shots from 26 guns, when there 
are 4 men to a gun than when there are 5 men ? 

Answer : Ij*^ hours. 

(17) If 10 cannon which fire 3 rounds in 5 minutes, 
kill 270 men in l^ hours ; how many cannon which fire 
5 rounds in 6 minutes, will kill 500 men in 1 hour, at the 
same rate ? 

Answer: 20 cannon. 

(18) If 120 men in 3 days of 12 hours each, can dig 
a trench 30 yds. long, 2 ft. broad and 4 ft. deep ; how 
many men would be required to dig a trench 50yd8. long, 
6ft. deep and l^yds. broad, in 9 days of 15 hours each ? 

Answer : 1 80 men. 

(19) If 6 men can reap 15 acres in 3 days of 14hrs. 
each and 10 boys can reap lOf acres in 5 days of 9 hrs. 

eachj £nd the ratio of the work of a 10^9x1 V.o l^at of aboy : 
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and determine what number of acres 4 men and 7 boys 
together reap in a day. 

Answers : 5 : 2 and 4| acres. 

(20) A watch, which is 10 minutes too fast at twelve 
o'clock on Monday, gains Smin. lOsec. per day; what 
will be the time by the watch at a quarter past ten in 
the morning of the following Saturday ? 

Answer : 40min. 36^sec. past 10. 

(21) Of two clocks^ one gains 10 minutes and the 
other loses 7| minutes in 24hrs ; what will be the differ- 
ence of the times indicated by them at 6 o'clock on Friday 
morning, if they are together on the noon of the prececl- 
ing Tuesday? 

Answer : 48min. 7§8ec. 

(22) If beer which is brewed with 3 bushels of malt 
to the barrel cost 1^. 3d. per gallon, when malt is at 
62*. Sd. the quarter: how much will beer cost per gallon, 
which is brewed with 5 bushels of malt to the barrel^ 
when a quarter of malt costs 50*. ? 

Answer : 1*. 7f rf. JJ/ 

II. SIMPLE AND COMPOUND INTEREST. 

141. Def. Interest is the payment made for the 
use of money lent for any length of time, being generally 
estimated at so much for £lOO during a year, and ex- 
pressed by so much per cent, per annum: the money lent 
is called the Principal, the interest of £ 100 for a year 
the Rate per cent, and the sum lent together with its 
interest is termed the Amount. 

It is called simple interest, when the money advanced 
only pays interest for the whole time it is lent; and com" 
jxmnd interest, when, at the end of any assigned period, 
as a year for instance, the interest which has accrued is 
added to the principal, and the whole then bears interest 
at the same rate for another ^gua/, period, and so on. 

Hence, it is evident that simple interest is propor- 
tional to the product of the sum lent> the rate of interest 
and the time. 

142. Simple Interest, 

Ex. Find the simple inteteat aivA. wxvowxvX. ^^ 
£237. 10s. for 2i years, at 5 per wtiV.. i^x wwQS»n.- 
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From what has just been said^ we have 

£. £. t. £. £. 
100 : 237 . 10 :: 5 ; x; 

and therefore 
^ 237.10 x5 237.5x5 1187.5 „^A.. f: /l ^• 

* = — loo" i^o-==-Too^=^^'^^^"^^-^^-^ 

is the interest of £237 • 10*. for one year : 

£. «. d. £. s. d, £. t. 

hence, 11 .17 . 6x2^ = 29 . 13 .9 is the interest of 237. 10 
for 2^ years : and therefore 

£. t. £. t. d. £. 8, d. 
237 . 10 + 29 . 13 . 9 = 267 . 3 . 9 is the amount in 25 years. 

In practice, we yrork in the following Jbrm : 
£. i. 
237 . 10 
5 



£11 . 


87 . 
20 


10 


*17 . 


50 
12 




d6 


. 00 





where the sum proposed is multiplied by the rate per 
cent.9 and from the right of each successive denomi- 
nation^ tivo figures are cut off instead of dividing by 
1 00 : whence, we have 

I I £. ». d. 
il5ll,17.6 = interest for 1 year : 

24 

2 3.15.0 = interest for 2 years : 
5.18.9 = interest for 5 year: 



29.13.9 = interest for 2 J years : 
237.10.0 = principal : 

£267. 3.9= amount in 2^ years : 
and this Jbrm gives rise to tVie foWowVtkg Rwle. 
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Rule for Simple Interest 

Multiply the principal by the rate per cent, by Com- 
pound Multiplication or Practice : from the pounds in the 
product cut off two figures to the rights and the remaining 
figures will be the pounds of the interest : reduce the 
figures cut off to shillings^ taking in the shillings of the 
said product, cut off as before^ and thus proceed; and 
the interest for one year will be obtained : multiply this 
interest by the number of years proposed, whether whole 
or fractional, and the required interest will be found. 

If the interest for 1 year be not required, we may 
multiply the sum proposed by the product of the rate per 
cent, and the number of years, and then cut off, &c. 

When the interest for months and days is required, it 
is found by Practice and the Rule of Three respectively, 
reckoning 12 months and 365 days to a year: but if 
calendar months be specified, the interest is accurately 
determined by finding the number of days they contain 
and proceeding by the Rule of Three. 

143. Commission, Brokerage^ Insurance^ S^p.^ being 
charges of certain sums per cent., amount to the same 
thing as the interest for one year at the same rate, and 
they may therefore be computed by the same rule. 

Examples for Practice, 

(1) Find the simple interest of £382- 10*. for 1 year, 
at 5 per cent. 

Answer: £19.2*. 6rf. 

(2) Required the amount of £537. l6*. 8^. in 4 years, 
at 2g per cent, simple interest. 

Answer : £591. 12*. 4c?. 

(3) Find the amount of £325. \6s. 8d. at 4^ per 
cent, simple interest, in S| years. 

Answer: £374. 6s. 0\d. 

(4) What 19 the amount of £345. 17*. 6d, in 3 years^ 
at 4 per cent, simple interest ? 

Answer : £387. 7«. l\i- 
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(5) Determine the amount of £635. 18s. 4f^d. in 
3 1 years, at 3 per cent simple interest. 

Answer : £702. 13s. 9^. ^^. 

(6) Required the amount of £825. ISs. 8d. at 4| per 
cent, simple interest, in 3 years and 5 months. 

Answer : £959. IS*. S^d. JJJ/ 

(7) What is the interest of £535 for 117 days, at 
4f per cent.? 

Answer: £8. 2*. ll^d, 

(8) Find the simple interest of £960. 12*. 6d. for 
5 years, 8 months and 73 days, at 3^ per cent. 

Answer : £l 83. 3s. 2^rf. 

(9) What is the interest of £240 from January 7 
to September 12, 1849, at 4 per cent.? 

Answer : £6. 10*. 5\d. f J|/. 

(10) Find the amount of £237. 10*. in 2 years, 
8 months and 29 days, at 5 per cent, simple interest. 

Answer : £270. 2*. 2\d ^f. 

(11) Ascertain the commission or brokerage on 
£832, at 2^ per cent. 

Answer: £20. I6*. 

£2) A broker procures an insurance upon property 
e amount of £1850; what will he have for his 
trouble at 3s. 9d. per cent. ? 

Answer : £3. 9s. 4^ 

144. Of the four quantities, the Principal, the Raie, 
the Time and the Interest, when any three are given, the 
remaining one may be found by reversing the process : 
and exercises will be had immediately from the preced-. 
ing examples, but they are not often required. 

145. Compound Interest. 

Ex. Eequired the compound interest of £250 for 
two years, at 5 per cent, per annum. . 
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250 
5 



£12,50 

20 



^1 0.00 



£. 5. 

2 5 0. = first principal : 
12.10 = interest for the first year : 
£262.10 = amount in one year : 

£. «. 
262.10 



£13.12.10 
20 



J2.50 
1 2 



rf6.00 



£. s. d. 
262.10.0 = second principal : 

13. 2.6 = interest for the second year : 

275.12.6 = amount in two years: 

2 5 0. . SB original principal : 

£25.12.6 = compound interest in two years 2 

and we see that this interest is the sum of the interests 
of thejirst and second years together, upon their respec- 
tive principals. 

Here the interest may be supposed to form part of 
the new principal at the ends of any equal intervals of 
tirae^ as half-yearly, quarterly, &c. ; but then the opera- 
tion above must be repeated for every such interval: 
and when the compound interest is rec^uVt^^ ^ot «k^ 
number of years and parts of a yeat^ \t \% \\\<ioxi«vsX«s^ 
with the principles of the subject to suip^oafe ^^^^ ^*^ 
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interest becomes due at any other interval of time than 
what is expressed by the primitive fraction of which the 
parts are made up : as, for instance, when compound 
interest for three-fourths of a year is required, it is neces- 
sarily implied that the interest is due at the end of each 
quarter. 

When the equitable principle just mentioned is not 
attended to, it is customary to find the interest for one 
year in addition to the number of entire years expressed, 
and then to take the part or parts of that interest which 
correspond with the proposed part or parts of a year, and 
to add it to the amount already obtained : but although 
this be not a bad approximation to the true amount, 
questions for the exercise of students should never be 
proposed which require its application. 

The operation last given will preclude the necessity 
of laying down a rule m words for finding the amount 
and compound interest. 

Examples for Practice. 

(1) Required the amount of £fi50 in 3 years, at 
5 per cent, compound interest 

Answer : £405. Ss, 4|J. 

(2) Find the compound interest of £540 in 2 years, 
at 4 per cent. 

Answer: £44. Is. S\d. H/ 

(3) What is the compound interest of £150 in 
4 years, at 24 per cent.? 

Answer: £\5. Us. 5\d. j^f. 

(4) To what sum will £725 accumulate in 4 years, 
at 5 per cent, compound interest ? 

Answer : £881. 4*. 10/(j^ 

(5) Determine the amount of £550. 10*. in a year 
and a half at 4 per cent, per annum, compound interest, 
the interest being due half-yearly. 

Answer : £584. 3s. lOf rf. .20384/. 

(6) Required the amount of £819. 4jr. in 6 years, 
allowing £12. lOs, per cent, compound interest. 

Answer : £l660. \5s. 0\d. 
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The solutions may frequently be simplified by deci- 
mals^ or by taking the aliquot parts of the sum proposed ; 
but the processes cannot, as in the last Article^ be re- 
versed by the principles hitherto explained. 

III. THE NATURES AND TRANSFERS OF STOCKS. 

146. DsF. The exigencies of a Country sometimes 
compel its governing body to borrow, or to contract a Loan, 
for Uie benefit of the public service : and this is effected 
by giving to the Lenaers in exchange for their money. 
Government Bonds or Acknowledgments^ implying that the 
Nation is indebted to them for the sums advanced^ whilst 
it reserves to itself the option of the Time of paying o£F 
the Principal^ on the express condition that the Interest 
is regularly discharged at the time fixed upon. 

147. Any part of these bonds is transferable from 
one person to another at pleasure, and each bond is 
usually styled £lOO Stock, bearing interest at a certain 
rate, the subdivisions of £l stock being the same as 
those of sterling money. 

Thus, in what are called the 3, S5 and 4 per cent. 
Stocks, one of these bonds entitles its owner to the sums 
of £1. 10s., £1. 15s. and £2 respectively at the end 
of every half-year as interest : and that portion of the 
revenues of the country out of which the interest of these 
Stocks and the expenses connected with them are paid, is 
termed the Funds. • 

148. If a person seU out his stock from the Funds, 
he will be able to obtain more or less sterling money for 
each of his bonds, according to the interest it bears and 
also according to the circumstances of the times, which 
may influence the stability of the national credit: and if 
he buy into or invest capital in the Funds, the sum of 
ready money advanced by him for each bond will be 
regulated by the same circumstances. 

149. When a transfer of capital is made from one 
kind of stock to another, it is evident that there will be 
an equitable claim for more or fewer boTid% o^ V)cv^ «ftK.oxv^ 
stock, according as the rate of interefit o? «a^\>oxv^'a^» 
less or greater than that of the first : t\iu», a TWJLXi!&i«« «t 
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bonds or quantity of stock in the 4 per cents.^ will pro- 
duce the same interest as a greater quantity of stock in 
the 3 per cents.> and consequently be of the same value 
to the possessor in point of income. 

150. The same view is taken of money advanced 
to Foreign Governments or to Trading Companies: and 
the computations necessary in all equitable transactions 
of this kind must depend upon the Rule of Proportion : 
and those of most frequent occurrence will be explained 
in the subsequent examples. 

Ex. 1. How much money must be paid for £2400 
in the three per cent, consols (consolidated annuities)^ at 
894 V^^ cent.? 

Here, we have the following proportion : 

JB. stock. £. stock. £. £. 

100 : 2400 :: SQi : x; 
and the operation may be conducted in theybrm below : 
£2400 

10x9-i = 894 

24000 
9 



216000 
1 200 

2 I 4 8.0 



that is, £2148 sterling will purchase £2400 of this stock 
when it is at 89^ per cent. 

If we reverse the operation, we may find the quantity 
of stock at 89^ which will be purchased for £2148 ster- 
ling, as follows: 

£. £. jCstock. £.8tock. 

89i : 2148 :: \00 i x ; 

J .u i» 2148 X 100 «^,^^ 
and therefore x = — y = £2400. 

Ex. 2. A person invests £3000 in the three per 
cents, when they are at 90^; what amount of interest 
will he receive half-yearly? 
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Here, ^90^ sterling produces £3 yearly or £1^ 
half-yearly : and therefore we have 

£. £. £. £. 

gOi : 3000 :: H : x; 

3000 xl| 3000x15 
whence, x^—^^^ 902" 

^15^^ ^ 22500 ^ ^^g j^^ 9i^.m/. = his dividend. 

Conversely, if a person wish to receive the last-men- 
tioned sum half-yearly, he may invest £3000 in the three 
per cents, when .they are at 90 J for this purpose ; since 

£ ■P s d f £ £ 

ll : 49 . 1*7 . 9\ . m :: 90^ : 3000; 

but the same income might be acquired by the investment 
of a different sum of money in a different kind of stock, 
dependent upon the circumstances affecting it. 

Ex. 3. At what rate will a person receive interest, 
who invests his capital in the 4 per cents, when they are 
at 104? 

Since £l04 sterling produces an interest of £4 
annually, we have 

£. £» £. £. 
104 : 100 :: 4 ; x; 

and X = — -— — - T« = £3. i6s. 11 '^. is the rate per cent. 

Conversely, when the interest of money is£3.l6^.1 1^^- 
per cent, the equitable value of the 4 per cent, stock is 
£104, sterling. 

Ex. 4. A person transfers £1000 stock from the 
4 per cents, at 90, to the 3 per cents, at 7^ : find how 
much of the latter stock he will bold, and the alteration 
made in his annual income. 

Here, x denoting the quantity of the latter stock, we 
have 

1000 X 90 : « X 72 :: 1 : 1; 

. 1000x90 10000 ^,._ 
whence, x = — « — r— «£l6i50, 

is the quaDtity of stock in the S ^x cexi\&. *. 
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also £1000 at 4 per cent, gives an income of £40 : 

and £1250 at 3 per cent, gives an income of £S7, 10s,: 

therefore the diminution of his income £2. 10^. 

From this example^ it appears to be more advantageous 
to invest in the 4 per cents, at 90 than in the 3 per cents, 
at 72, as will be seen also from the circumstance of ^ 
being greater than i^, which shews the reason at once. 

151. Purchases and Sales of stock are made through 
Agents called Stock-Brokers at the rate of £| or 2s. 6d. 
per cent upon the stock transferred: these agents are 
employed by both buyers and sellers, aVid the brokerage 
must therefore be added to the price of stock which is 
bought and subtracted from the price of that which is 
sold through them : and this is done by increasing or 
diminishing the current price of £ 100 stock by J6|. 

152. Stock-jobbing is dealing in the Stocks with the 
view of gaining money by the rise and fall of the mar- 
ket price: and persons possessed of property may of 
course buy or sell stock, according as the price is likely 
to rise or fall^ in the expectation of realizing a profit by 
the difference of price : but the practice of stock-jobbing 
may be explained as follows. 

A agrees to sell to B, £1000 in the 3 per cents, for 
£870 to be transferred at the end of a certain time: 
A has indeed no such stock, but if its price on the day 
of transfer should be only 86 he may purchase what 
will enable him to fulfil his engagement for ^860, and 
he will thus gain £lO by the transaction: on the contrary, 
if the price were 89, it would require £890 for the same 
purpose and he would then be a loser of ;£20. These 
are called time bargains or bargains for the Account, and 
are settled without the purchase of stock at all by pay- 
ment of the difference : the buyers being known as Bulls 
pulling down, and the sellers as Bears forcing up, in 
the language of the Stock Exchange : but not being 
recognized by law, the principles by which this business 
is supported are merely a sense of honour or disgrace and 
the retention or loss of future credit, 

153. It is the province of the Chancellor of the Ex- 
chequer to propose the terms of a Government Loan : wvi 
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if a person^ asking 5 per cent, for his money^ were to 
advance £lOOO money ^ the nation would become indebted 
to him in £1666. 13^. ^d, stock in the 3 per cents, at par, 
because this sum produces the same interest. When the 
price of stock is above or below par, the calculations will 
be conducted as in the preceding pages ; and in order to 
raise the immense sums that are frequently wanted, the 
Contractors or Subscribers are sometimes considered en- 
titled to an advantage of one kind or other which is 
called a Douceur or Bonus. 

Such stocks constitute what is termed The funded 
Debt; and whenever sums have been advanced to the 
government and have not been thus disposed of^ they 
are styled The unfunded Debt, 

Temporary loans are raised from time to time on 
what are called Ea.chequer Bills for single hundreds or 
thousands of Pounds, bearing a certain interest per cent. 
per day, from the days of their dates to the days when 
they are paid off. 

Examples for Practice, 

(1) What is the purchase of £5050 stock, at 85| 
per cent..'' 

Answer: £4311. 8*. 9^. 

(2) If the 4 per cents, be at 82j, what quantity 
of stock can be purchased for £821. 5s,} 

Answer: £lOOO. 

(3) A person invests £2000 in the 3 per cent, con- 
sols, when they are at 88^: what annual income is he 
entitled to.^ 

Answer: £67- 15#. llj}^ 

(4) What sum must be invested in the 3 per cents. 
at 77i to produce an income of £ 120 a year .^ 

Answer: £3100. 

(5) A person investing in the 4 per cents, receives 
4| per cent interest for his money : what is the price of 
the stock? 

Answer: 91^, 

(6) How much stock can be puTc\ia^eA.\y«j xJaaVtwcv^- 
fer of £1000 stock from the 3 ^x cetiU- aX n^» ^^ "^^ 
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4 per cents, at 90 : and what annual income will it pro- 
duce ? 

Answers: £800 and £32. 

(7) If I buy £650 stock in the 3 per cents, at 90j, 
and pay | for brokerage : what does it cost me ? 

Answer: £588. 5s, 

(8) What sterling money shall I receive for <£l760. 
l6s, 8cL stock at 90|, and l per cent, commission? 

Answer: £1589- Ss. O^d. 

(9). If a person invest £650 in the stocks at 76|, 
and sell it immediately at 77iJ; find his gain by the 
transaction. 

Answer : £l0. l6s. 8d. 

(10) A person having £10000 in the 3 per cents, 
sells out at 65 and invests the produce in the 4 per cents, 
at 82^ : find the change in his income. 

Answer: £l5. 3*. O^^d. increase. 

(11) When a certain stock is at 97? a person pos- 
sesses what would realize £879 ' find what quantity of 
another stock at 88^ he ought to receive for it. 

Answer: £996^^ 

(12) The sum of the dividends on a quantity of 3 
per cent, stock for 13 years was £3081 : how much stock 
was there, and what will be its sterling worth when the 
fund is sold at 79i per cent? 

Answers: £7900 and £631 0|. 



IV. DISCOUNT OR REBATE. 

154. Def. Discount or Rebate is an allowance or 
abatement made upon a debt discharged before it is 
due, in consideration of ready money, the simple interest 
of money being reckoned at a given rate: and when 
the discount is subtracted from any proposed sum, the 
remainder ia termed the Present TVorlK ox Present Value. 
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Ex. Find the present worth and discount of £ 1 21. 
15s. due 5 months nence^ at 3^ per cent simple interest. 

Since £100 at Si per cent, amounts to £l01. 99. 2d. 
in 5 months^ it is evident that £l01. 9^. 2d. due 5 months 
hence is of the same value as £ 100 ready money; and 
other sums for this time in the same proportion : 

£. 8. d. £. s. £. 

whence, 101 . 9 . 2 : .121 • 15 :: 100 : x, 

or, 24350dl : 29220(?. :: 100 : a?; 

therefore x = ^^ x £lOO = | x £100 = £120 is the 
2435 5 

present worth : and the discount = the proposed sum — 

the present worth = £l21. 15*.-£l20 = £l. 15*. 

Also, since £l01. 9*. 2d. pays £l. Qs. 2d. discount 
for 5 months^ we may find the discount at once; thus, 
£. 9. d. £, t. £. t. d. 

101 .9.2 : 121 . 15 :: 1 . 9.2 : ar; 
t* 

whence, x^- o£ £l. Qs. 2d.=^£l» 1 5s. is the discount: 
5 

and the present worth = the proposed sum— the discount 
= £121. 15«.--£l. 15*. = £120 as before. 

From these steps we derive the following Rules. 

For the Present Worth. As the amount of £ 100 for 
the given time at the given rate : the proposed sum :: 
£100 : the present worth. 

For the Discount. As the amount of £100 for the 
given time at the given rate : the proposed sum :: the 
interest of £ 100 for that time : the discount. 

If no dme be mentioned, the discount for a year is 
understood : and the following forms for the operations 
will be practically convenient : 

mo. £. 8. rf. 

'3 . 10 . = interest of £100 for 12 months: 



1.3.4 
. 5 . 10 



1 • 9 . 2 = interest of £lOO for 5 months : 
100 



H. A. 



101 . 9 . 2 = amount di £\00 m 5 moxv\>a&'. 

1 
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£. 5. d, £. s. £. 

then/ 101 . 9 . 2 : 121 . 15 :: 100 : the present worth; 

. 101 . 9 . 2 : 121 . 15 :: 1 . 9 • 2 : the discount; 

and when either of these quantities is found, the other 
may be had immediately by subtraction. 

155. Hence, it appears that the Present Value may 
be defined to be that sum which being now put out to 
interest will amount to the sum due at the end of the time. 

Since the Amount of £ 100 is the first term for finding 
the Discount and £100 is that for finding the Interest^ 
the other terms of the proportions being the same, the 
Discount of a sum is less than its Interest. 

It is moreover evident that the discount of a given 
sum at a given rate of interest is not proportional to 
the time: but that the discount is proportional to the 
sum when the time and rate of interest are given. 

In the discharge of a Tradesman's bill, it is customary 
to make a deduction at the rate of 5 per cent, discount on 
the sum put down as due at some future time: this 
Allowance being the interest of the Debt instead of that 
of its Present Value will be to the payer's advantage, and 
differs essentially in principle from the Discount we have 
just been considering. 

Bankers, in discounting a bill or promissory note, are 
in the habit of charging interest at 5 per cent, from the 
day th6 bill is discounted to the time when the three days 
of grace, allowed by law, have expired. 

A distinction should be made between the Rate of 
Discount and the Rate of Interest, as is seen immediately 
in the following familiar instance. 

*' Five volumes of a work can be bought for a certain 
sum payable at the end of a year, and six volumes of 
the same work can be bought for the same sum in ready 
money : what are the rates of discount and interest >" 

Since 1 volume is discounted from six, we have 

£. £. 
6 : 1 :: 100 : l6| = the rate of discount: 

and because 1 volume is gained upon five, we have 

£. £. 
5 : 1 :: 100 : 20 « the tale of mtereat. 
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156. When discount is reckoned at Compound Inter- 
est per annum^ the same rules may be applied for any 
number of entire years^ as appears from Article (145). 

£x. Find the present worth and discount of 
£2112. 10s. due at the end of 2 years^ at compound 
interest of 4 per cent, per annum. 

£• £• s, £• £* *• 

104 : 2112 . lb :: 100 : 2031 . 5, which is the sum 

due 1 year hence: 

104 : 2031 . 5 :: 100 : 1953 .2.6, which is the 

sum due now or the present worth : 

and the discount will therefore be 

£2112 . 10*. - £1953. 2*. 6d. = £159. 7*. 6d. 

Examples for Practice. 

(1) What is the present worth of £l57. 10s. due 1 
year hence, at 5 per cent, simple interest ? 

Answer: £l50. 

(2) Required the discount of £355. 5s. payable at 
the end of 4 months, at 4^ per cent, simple interest. 

Answer: £5. 5s. 

(3) Find the discount of £283. 0*. 5d. for 7 months, 
at 5 per cent, simple interest. 

Answer : £8. Os. 5d. 

(4) Determine the discount due upon £690. 3s. 9d. 
for 9 months, at 3 per cent, simple interest. 

Answer: £15. 3». 9^. 

(5) Find the discount of £298. Os. lOd. for 11 
* months, at 4 per cent simple interest 

Answer: £lO. 10«. 10<^. 

(6) Required the present worth of £370. 4^. 8^. 
due 15 months hence, at 4| per cent, simple interest. 

Answer: £350. 

(7) What sum will amount to £275. 6s. Bd. in l\ 
years, allowing 4^ per cent simple ititete«t^ 

Answer: £257. 18«. 6^1- %^/. 
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(8) Required the present worth of £241. 12^. 4d 
due at the end of 146 days^ at 4^ per cent. 

Answer: £237' lOs. 

(9) How much stock at 92| must be sold out to pay 
a bill of £715. 17*. due 9 months hence^ at 4 per cent 
simple interest? 

Answer : £750. 

(10) A tradesman marks his goods with two prices, 
one for ready money and the other for credit of six 
months ; what fixed ratio ought the two prices to bear 
to each other, allowing 5 per cent per annum, simple 
interest ? 

Answer: 40 : 41. 

(11) If £2652. 5s, be due 3 years hence, what sura 
will be due at the end of 1 year, if compound interest be 
allowed at S per cent ? 

Answer: £2500. 

(12) What is the present worth of £9724. Is. due 
4 years hence, at 5 per cent, compound interest ? 

Answer: £8000. 



V. THE EQUATION OF PAYMENTS. 

157. Dep. The Eaualion qfJPayments is the finding 
of a proper time at which two or more debts due at 
different times should be discharged at one payment : and 
it is here assumed that the interests of all the debts for 
their respective periods are together equal to the interest 
of their sum for the Equaled Time. 

Ex. If £100 be due in 3 months, £210 in 2 months 
and £160 in 5 months, find the equated time. 

What is assumed in the definition gives the follow- 
ing equality, since the interests are proportional to the 
sums and times jointly, the rate being supposed the 
same and therefore of no importance in the calculation : 

(100 x3) + (210 X £) + (160 X 5) = (100 + 210 + I6O) x 

the equated time : whence^ we have 
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the equated time = — — = Sj^ montlis : 

and thence the following Rule is obtained. 

Rule. Divide the sura of the products of each pay. 
ment by its time by the sum of all the payments, and 
the quotient will be the equated time. 

The assumption made in the definition, which implies 
that the interest of the debts payable before the equated 
time from their times to the equated time, should be 
equal to the interest of the debts payable after that time 
from the equated time to their respective times, Is not 
founded in equity; because it is evident that by paying a 
debt before it is due the debtor is entitled to the discount 
only^ and that be virtually loses the interest which would 
have accrued from the debt remaining in his hands after 
its period has expired. 

We have seen in Article (155) that interest is greater 
than discount^ and consequently the rufd above laid down 
is in favour of the payer, since a greater allowance is 
made him than he is really entitled to : but when great 
nicety is not required, the equated time thus found will 
not be far from the truth : the correct time, however, can- 
not be obtained without having recourse to other than 
arithmetical principles. 
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.158. Def. Fellowship is the rule by means of 
which two or more persons having a Joint Stock or 
Common Interest in a property, are enabled to determine 
their respective shares of it or of its produce, under the 
same or different circumstances. 

Ex. 1. Two persons form a joint stock by subscrib- 
ing £3500 and £5000 respectively, and in a certain 
time they clear £lOOO : how must this sum be divided 
between them ? 

Here, it is manifest that the share of each person 
must have the same ratio to the whole gain that his 
subscription has to the whole stock formed •, oT,N5a»X^^ 
whole cause must be to each partial causfe a& ^^aa wWA« 
effect is to each partial effect : 
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now, £3500 + £5000 = £8500 is the whole cause, 

and £3500 and £5000 are the partial causes : 

also £1000 is the whole effect and the partial effects 
are the required shares : whence, we have 

£8500 : £3500 :: £1000 : the first share; 

.1, 4: * k 3500x1000 /• »• ^. fr 
or, the first share = = 41 1 • 15 • 3i^ . -^ : 

£8500 : £5000 :: £1000 : the second share; 

, , , 5000x1000 J^ *; f; /i 

or, the second share = ^^7;^^ = 588 . 4 . 8^ . Jf • 

ooOO 

and these sums make up the £1000 gained. 

Here, the ratio of the shares depending solely upon 

the amounts subscribed, the example is termed an 

instance of Single Fellowship. 

Ex. 2. A field of grass is rented by two persons for 
£27: the former keeps in it 15 oxen for 10 days and 
the latter 21 oxen for 7 days; find the rent paid by each. 

Here, the portions of the rent must evidently be as 
the numbers of oxen and the numbers of days Jointhf : 
also, the partial causes are 

15 X 10 = 150 and 21 x 7 = 147 : 
and therefore the whole cause is 1 50+147 or 297; whence, 
£. £. 8. d. /. 
297 : 150 :: 27 : 13 . 12 . 8^.^, the 1st portion: 
296 : 147 :: 27 : IS . 7 • S\. ^, the 2nd portion: 
and the sum of both portions is £27 as it ought to be. 

This is an instance of Double Fellowship, the portions 
of rent depending upon trvo particulars, the number of 
oxen put in and the number of days they are kept there. 

159. The principles of these examples being inde- 
pendent of the number of interests concerned enable us 
to lay down the following Rule. 

Rule. Find the values of the partial causes and also 
their sum : then, as this sum is to each part of it, so is 
the whole effect to its corresponding part. 

In this rule it is understood that every agent is 

employed under exactly the same circumstances : as, for 

instance, in the last example eacli oi t\ie oxeaVa wv^^^oisAd 
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to consume the same quantity of grass, the pasturage 
being uniform throughout: but whenever their relative 
qualities are assigned^ it will easily be seen that similar 
methods must be pursued. 

Ex. If £100 be distributed among 6 men, 9 wo- 
men and 12 children; what will be received by them, 
when the shares of a man, a woman and a child are as 
the numbers 3, 2, 1 ? 

Here, 6x3 = 181 

9 X 2 « 18 > are the partial causes: 
12 X 1 = 12] 
and 48 is the whole cause: 



whence, 48 : 18 : 


£. £. 
: 100 : 37 . 


5. 
. 10, by the men: 


48 : 18 : 


: 100 : 37 


, 10, by the women: 


48 : 12 : 


:: 100 : 25 . 


. 0, by the children, 



VII. THE RULE OF ALLIGATION. 

160. Def. Alligation sometimes called Alligation 
Medial is the rule by means of which the rate or quality 
of a composition or mixture is found from the rates or 
qualities of the ingredients of which it is made up. 

Ex. If 12 bushels of wheat at 6s, a bushel and 15 
bushels at 7^* a bushel, be mixed together, what will be 
the value of a bushel of the mixture ? 

Here, from the most obvious principles, we have 

f the values of the ingredients : 
15x7 = 105' ^ 

therefore 72 + 105 = 177*. is the value of the mixture 
which contains 12 + 15 = 27 bushels: whence, 

buah. bush, £* S, d, /. 

27 : 1 :: 177 : 6 . 6^. f , the price of a bushel. 
The usual form of the operation is as follows : 
6x12= 72 

7x15=105 

$. d. f. 

27;i77(6.6i.|: 
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and the number of ingredients being any whatever^ we 
have the following Rule. 

Rule. Divide the sum of the products of the ingre- 
dients and their respective rates by the sum of the 
ingredients, and the quotient will be the rate of the 
mixture. 

Examples for Practice, 

(1) If £75 be due in 4 months, £125 in 5 months 
and £150 in 7 months : what is the equated time ? 

Answer : 5^ months. 

(2) What will be the equated time of payment of 
£200 due at 3 months, £300 at 8 months and £500 at 
12 months? 

Answer : 9 months. 

(3) Find the equated time of payment, when f of 
a sum of money is due at 3 months, ^ at 8 months and 
the remainder at 15 months. 

Answer : 7| months. 

(4) A owed B £750 to be paid in 15 months, but 
at 12 months he paid him £250 : at what time was the 
remainder due ? 

Answer : 16^ months. 

(5) Divide £1000 among three persons, so that 
their shares shall be as the numbers 2, 5, Q, 

Answer: £l25, £312. 10*. and £562. 10*. 

(6) Of £2180, A*% share is to Bb /share as 2 to 3, 
jB's is to Cs as 4 to 7 and Cs is to Us as 5 to 11 : find 
the share of each. 

Answer: A's is £200, Bs is £300, Cs is £525, 
and D's is £ll55. 

(7) Three partners put into business the sums of 
£300, £400, and £500, and at the end of a certain 
time they gained £600 : find the share of each. 

Answer : £150, £200, and £250. 

(8) Three persons forming a joint stock of £45000^ 
ffain by trading £15000; and of \h\% \hevT ^Vvaxe^ are 
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£7500, £5000, and £2500: find the portion of stock 
contributed by each. 

Answer: £22500, £15000, and £7500. 

(9) A person bequeathed by will the following lega- 
cies: £1500 to A, £875 to B, £525 to C and. £350 
to D : but when his property was sold it produced only 
£2437. lOs, : how much did he really leave to each ? 
Answer: £1125 to ^, £656. 5s. to B, £393. 15s. to C 

and £262. 10*. to D. 

(10) If A advance £1500 for 9 months and B 
£1200 for 6 months: what share of a gain of £1150 
belongs to each? 

Answer : £750 to A and £400 to B. 

(11) If ^ contribute £6000 for 5 months, B £5000 
for 6 months, C £4000 for 7i months and JD £2500 
for 12 months, in the formation of a joint stock : divide 
a profit of £4760 equitably among them. 

Answer : The share of each is £1190. 

(12) Three merchants A, B, C engage in commerce ; 
A with £1000 for 12 months, B with £1800 for 7 
months and C with £2500 for 4 months, and they gain 
£350 : what share of the gain belongs to each ? 

Answer: £121. 7«. SM^fJ/. to A, £127-9*. Hd.^f. 
to B and £101. 3*. U^M/ to C. 

(13) Three persons with a joint stock gain £3650 : 
the first advances ^ of the capital for ^ of the time, 
the second \ of the capital for ^ of the time and the 
third the remainder of the capital for the whole time : 
find their shares. 

Answer: £486. 13*. 4i., £730, and £2433. 6s. 8d. 

(14) A prize of £3825 is to be divided ^unong 
3 officers, 12 assistants and 100 men, in proportion to 
their pay and time of service jointly : the officers have 
£5 a month and have served 9 months : the assistants 
who have £2. 10*. a month have served 6 months and the 
men have served 3 months at £l. 10*. a month* What 
is the share of each > 

Answer : £225 of each officer, £75 oi >few3j\ ««Kv&\aax 
and £22. 10*. of each o€ lihe tuecv. 

*l — ^ 
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(15) A wine merchant mixes 20 gallons of wine at 
12«. a gallon, 25 gallons at 149. and S6 gallons at I69.: 
what will be the price of a gallon of the mixture ? 

Answer : 14«. ^d. \^f. 

(16) A mixture is made of 10 bushels of flour at 
3«. 8dl^ 21 bushels at 3«. 10(f. and 35 bushels at 4«.: 
what is the price of a bushel of it ? 

Answer: %s, \^\d.^f. 

VIII. THE DOCTRINE OF EXCHANGES. 

161. Def. 1 • Exchange is the rule by means of which 
it is ascertained what sum of money of one country is 
equivalent to a given sum of another^ according to some 
settled rate of commutation : and the operations neces- 
sary to calculate this must^ from the nature of the case, 
be applications of the Rule of Proportion. 

The Course of Exchange is used to express the sum 
of money of any place given in exchange for sl fixed sum 
of that of another : and the Par of Exchange denotes 
the sum of money of any place^ which is of the same 
intrinsic value as that fixed sum. 

Ex. How many pounds Flemish can I receive for 
£1050 sterling, the course of exchange being 35 shillings 
Flemish for £l sterling.? 

Here, from the nature of the question, we have 

£. £. *. /. 

1 : 1050 :: 3 5 

S5 



5250 
3150 



2, Oj 3 6 7 5, shillings Flemish : 

jB 1 8 3 7 • 10 the sum Flemish required. 

In questions of this kind, all that is necessary to be 
known is the course of exchange and the subdivisions of 
the monies to be commuted. 

162. Def. 2. The Arbitration or Comparison of 
Exchanges is the determining what rate of exchange. 
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called the Par of Arbitration, between any number of 
places corresponds with^ or is equivalent to, any assigned 
rates between each of them and another place : and a 
knowledge of this subject will enable a person to judge 
how he may remit his money from one place to another 
with the greatest advantage. 

Arbitration is styled simple or compound, according as 
three or more places are concerned. 

Ex. If the exchange between Amsterdam and Paris 
be 54€?. for 1 crown, and between Amsterdam and London 
be S3*. 9d. for £l ; what is the par of exchange or the 
arbitrated price between Paris and London ? 

Here, 1 crown at Paris = 54 pence at Amsterdam : 

240 pence in London = 405 pence at Amsterdam : 

thus, we obtain the equality of ratios, 

1 crown in Paris _ 54 2 

240 pence in London " 405 15 * 

2 
whence, 1 crown at Paris = j-r x 240rf. = 32d, in London : 

15 

that is, 32d. per crown is the arbitrated price between 
London and Paris, 

If we arrange the equalities so that the first term of 
one shall always be of the sajne kind as the second of 
that which immediately precedes it, as follows: 

1 crown at Paris -= 54 pence at Amsterdam^ 

405 pence at Amsterdam = 240 pence in London, 

and multiply together the corresponding terms retain- 
ing the names only of the first and last countries and 
their denominations of money, we shall have 

405 crowns at Paris = 54 x 240 pence in London : 

54 X 240 ^ 
and therefore 1 crown at Paris = — j^- — = S2 in London. 

405 

as before: and a proceeding of this kind is distin- 
guished by the name of the Chain Rule, fVom the con* 
nection of the Jlrst and last terms be\T\^ «i&^^\\»ixv^ 
through those which are tfttertnediaie. 
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Examples for Practice. 

(1) How much English money is equivalent to 1785 
francs 6 decimes^ at 24 francs per pound sterling ? 

Answer : £74. 8*. 

(2) Reduce £156. 15«. to francs^ the exchange being 
at ^S,5 francs per pound sterling. 

Answer : 3683.625 francs. 

(3) If £lOO be due from London to Paris when £l 
is worth 25 francs : what sum must be remitted when a 
guinea is exchanged for 27 francs ? 

Answer : £97. 4^. 5 Jcf. 

(4) If the course of exchange between London and 
Amsterdam be SSs, 6d. Flemish per pound sterling and 
between London and Lisbon be 50d. sterling per milree : 
find the arbitrated rate of exchange between Amsterdam 
and Lisbon, 

Answer : 83fdl Flemish per milree. 

(5) A person in London owes another at Petersburg 
500 rubles, exchange at 40^2. sterling per ruble : but 
remits to Pam at 24 francs per pound sterling; thence 
to Lisbon at 500 rees for 3 francs ; thence to Amsterdam 
at 20 stivers per crusado of 400 rees and thence to 
Petersburg at 25 stivers per ruble : find the arbitrated 
rate between London and Petersburg and the gain or loss 
by the circuitous mode of remittance. 

Answers : SOd, per ruble and the gain is £20. l6s. 8d. 

(6) The rates of exchange being £l = 25.4 francs, 
3.75 francs = 105 kreutzen, 60 kreutzen = ] florin and 
the cost of travelling in Germany being I5 florins per 
German mile which is equal to 4^ En^ish miles : find 
the expense, in English money, of travelling 381 English 
miles in Germany. 

Answer: £10. 14*. 3^ 

163. The Course of Exchange between two countries 
fluctuates according to circumstances which cannot be 
•entered into here ; but the loner the course of exchange, 
the more favourable is it to the country in whose money it 
IS estimated, and vice versd* 
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Thus, between London and Amsterdam, when the 
course of exchange is 9 guilders per pound sterling, it 
will evidently require more sterling money to pay a debt 
in Amsterdam and fewer guilders to discharge one in 
London^ than if the course of exchange were 11 guilders: 
for^ the merchant of Amsterdam has to buy pounds ster^ 
ling to remit to London and the London merchant has 
to sell pounds sterling in order to purchase guilders for 
a remittance to Amsterdam. The exchanges may there- 
fore be considered favourable to this country, when the 
courses of exchange run high in foreign countries with 
which it trades, and vice versa. 

The reader is referred to the last Edition of Dr. 
Kelly's Universal Cambist for practical information on 
this subject. 

MISCELLANEOUS QUESTIONS. 

164. In this section are presented a few miscellaneous 
Questions which could not with propriety be arranged 
under any of the preceding heads and are still of too 
much importance to be passed 'over without notice, in a 
work like the present. 

Qu. 1. How many dozens of wine at £9, a dozen 
must be given in exchange for 27 yards of broad cloth at 
32s. a yard } 

The price of the doth is 27 x 32 - 864*. : 

whence, 40*. : 864*. :: 1 doz. : 2l|doz. ; 

that is, 2 If dozens of wine are of equal value with 27 
yards of cloth. 

Questions of this kind are termed instances of Barter 
and Truck, 

Qu. 2. If a grocer by selling tea at 6*. 6d. a pound 
clear one-sixth of the money : what will he clear per cent, 
by selling it at 7*- a pound } 

Here, ^ of 6*. 6d. = 1*. Id. ; whence 5s. 5d. is the price 
per lb. the tea cost him : therefore 

5s. 5d. : 7*. :: £100 : £l29. 4*. l\d.^f.; 
and £129. 4*. "lid. A/« ^s the increased \d\.u% o^ iL\^^ «^. 
this rate ; that is, the gain per cent, ia £^ft. ^. 1\^* ^^* 
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Qu. S. A person loses at the rate of 10 per cent, by 
selling cloth at 15s, a yard : how ought it to have been 
sold to gain 20 per cent ? 

Since he loses ^th part, he receives only 9 parts out 
of 10 or 90 parts out of 100 : whence, 

£. £. 8, 8. d, 
90 : 100 :: 15 : 16 • 8, 

the prime cost of 1 yard : for the same reason, we have 

£. £. s. d. 9. 

100 : 120 :: 16 . 8 : 20, 

or £l is the price per yard, in order to realize a profit of 
20 per cent. 

Questions of this description are classed under the 
heads. Profit and LosSy Loss and Gain and Per-centage, 

Qu. 4. Required the neat, weight of 27 cwt, 1 qr. 
14lbs., tare being allowed at the rate of l61bs« per cwt. 

Here, by the rules of Practice, we have 

cwt qr. Ibe. 

16 I ^ I 27 . 1 .• 14 = gross: 
3.3. 18 = tare: 



23 . 1 . 24 =^ neat weight 

Questions of this nature are usually inserted under a 
Rule called Tare and Tret, which comprises all allowances 
made upon goods on any ground whatever, whether by 
custom or by special agreement. 

Qu. 5. If two men A and B together can perform 
a piece of work in 10 days and A by himself can do it in 
1 8 days : what time will it take B to do it? 

Assuming 1 to represent the piece of work, we have 
-— «. work done by -4 in 1 day : 

jg=Q = A m 10 days: 

5 4 
hence, 1-- =-= JB in 10 days : 

4 
wherefore - : 1 :: 10 days : 22^ days ; 

or, B can do the work in 22^ day*. 
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Qn. 6. Three agents A, B, C can produce a given 
effect in 12 hours; also, A and J? can produce it in l6 
hours and A and C in 18 hours : in what time can each 
of them produce it separately ? 

Here, -^ = effect produced by A and J? in 1 hour : 

12 3 

-^ = -7'= -^ and B in 12 hours: 

lo 4 

3 1 

whence, l-- = -7= Cinl2hours: 

4 4 

and therefore - : 1 :: 12 hours : 48 hours. 
4 

the time in which C alone can produce it: 

again, — = efl^ct produced by A and C in 1 hour : 
lo 



12^2 
18''3' 



. A and C in 12 hours : 



2 1 

and 1 — -= -= B in 12 hours: 

3 3 

whence, - : 1 :: 12hrs. : S6 hours, 
the lime in which B alone can produce it : 

also, — = effect produced by A, B and C in 1 hour : 

LA 

"^^ -k^-k^Wi.^ Band Cinl hour: 

whence, jL-^=^= Am 1 hour: 

therefore — - : 1 :: Ihr. : 28ihrs., 
144 

the time in which A can produce the effect proposed. 

Qu. 7. Distribute £200 among A^ JB, C and D, %si 
that B may receive as much as il, C a& mw.^ «» -^ «2cA 
3 together and D as much as A, B and C \»g,^^«^» 
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If the share of ^ be represented by I, then 
the share of B will be represented by 1 : 
the share of (7 by 1 + 1 « 2: 
and the share of 1) by 1 + 1+2*4: 

whence, the question is merely to divide £200 into four 
parts having the same relations as the numbers 1, 1^ 2^ 4 : 

also, 1+1+2 + 4 = 8, 

and the Rule of Fellowship gives the following propor- 
tions : 

£. £. 

8:1:: 200 : 25, the share of A ; 

8:1:: 200 : 25, the share of J?,• 
8 : 2 :: 200 : 50, the share of C; 
8 : 4 :: 200 : 100, the share of D. 

The same mode of reasoning will be applicable what- 
ever be the number of persons concerned. 

Qu. 8. At what times between 2 and S o'clock, are 
the hour and minute hands of a clock together, at right 
angles and in opposite directions? 

At two o'clock, the hour hand is two of the portions 
called hours of one hand and Jive minutes of the other 
in advance of the minute hand ; and their rates being as 
1 : 12, the minute hand gains 55 in 60 or 11 in 12 upon 
the hour hand : whence we have 

11 : 12 :: 2 : 2^, 
the hours when the minute and hour hands are together. 

Again, when they are at right angles, the minute hand 
must have gained 2 + 3=5 portions, and we have 

11 : 12 :: 5 : 5/r; 
and therefore at 5^ x 5 or 27^ minutes past two, the 
hands are at right angles. 

Also, if they point in opposite directions, 2 + 6 = 8 
portions must be gained by the minute hand, and there- 
tore we have 

11 ; 12 :: 8 : 8/x, 
or, the hands will be in opposite directions at 8ft: x 5 or 
4Sj^ mifiuies past two. 
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When the minute hand has gained 2 + 9^11 portions^ 
the two hands will be at right angles again^ and 

11 : 12 :: 11 : 12, 

which shews that this circumstance occurs at 60 minutes 
past two or at three o'clock, as we know to be the case. 

Qu. 9* Two clocks point out 12 at the same instant; 
one of them gains ^" and the other loses ^" in 12 hours : 
after what interval will one have gained half an hour of 
the other and what o'clock will each then shew ? 

Here, 7"+ 8"= 15" is the separation which takes 
place in 12 hours, and ^ hour — 30' = 1800" : whence, 

15": 1800" :: 12hrs. : 1440hrs; 

that is, in 1440 hours or 60 days they will be separated 
30 minutes or half an hour. 

Also, the first gains 7" in 12 hours or 14" in 1 day : 
and 1 day : 60 days :: 14" : 14'; 
and therefore it will shew 12 hours 14 minutes. 

The second loses 8" in 12 hours, or 16" in 1 day ; 

and 1 day : 60 days :: l6" : 16'; 

whence the time pointed out by it will be 12hrs. — l6min., 
or 11 hours 44 minutes: and it will be observed that the 
times difier by half an hour, as they ought. 

Examples for practice. 

(1) How much cloth at 14*. 6d. a yard, must be 
given for 3cwt. 3qrs. of sugar at £3. 4*. per cwt ? 

Answer: l6yds. 2^]fqrs. 

(2) If 126 yards of cloth be bartered for Shhds. of 
brandy at 6s. Sd. per gallon, what is the price of the 
cloth per yard? 

Answer : 10*. 

(3) If I buy goods at £3. l6s. 8i per cwt. : how 
must I retail them per lb. to gain 1 5 per cent ? 

Answer : Q^d. }}/. 

(4) If by selling tea at 6s. 4d. per lb. a ^o<i«t Vi«t 
6 per cent ; what did it cost him per \b,^ 

Answer : 6*. 8|d. ^f. 
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(5) A grocer bought 2tons. Scwt 3qrs. of sugar for 
£120 and paid £2. 10s. for expenses : what must he sell 
it at per cwt to clear 50 per cent ? 

Answer : f 4. 4*. 

(6) A person by disposing of goods for £l82 loses 
at the rate of 9 per cent. : what ought they to have been 
sold for to realize a profit of 7 per cent..?' 

Answer: £214. 

(7) A person buys 400 yards of silk for £80 and 
sells 300 yards at 5s. 6d, a yard, and the rest which is 
damaged at 2s. a yard : what does he gain or lose per 
cent? 

Answer: He gains £l5. 12s. 6d. per cent. 

(8) A stationer sold quills at 11^. a thousand^ by 
which he cleared f of the money and he afterwards 
raised them to 13^. 6d, a thousand : what did he gain 
per cent by the latter price ? 

Answer: £96. 7s. S^d. ^. 

(9) At what price must a commodity purchased at 
£14. 5s. per cwt be sold to gain 21 per cent ; and what 
quantity of it must be sold at that rate to clear ^100? 

Answers: £17- 4*. lO^d. per cwt. and the quantity 
is 33cwt Iqr. 18lbs. llj^oz. 

(10) A merchant bought I60 quarters of wheat at 
41s. 3a. per quarter and sold it at 58^. 4c2. : what was 
his gain? At what price ought it to have been sold to 
gain £33?" 

Answers : £l36. 13s. 4d. and 45s. 4^d. 

(11) The prime cost of a cask of wine of 38 gallons 
is £25, and 8 gallons are lost by leakage : at what price 
per gallon must the remainder be sold so as to gain 10 
per cent upon the prime cost ? 

Answer: 18^. 44. 

(12) Divide £64 among A, B and C, so that A may 
have three times as much as B ; and C may have one third 
of what A and B have together. 

Anaweri A has £36, B liaa £1^, axid C\\i» £a^. 
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(IS) A person paid a tax of 10 per cent upon his 
income : what must his income have been when after he 
had paid the tax, there was £l250 remaining? 

Answer: £l3S8. IJs. 9K if- 

(14) A grocer had 150lbs. of tea of which he sold 
501ds. at 9s. per lb. and found that he was thereby gain- 
ing 7^ per cent.; at what rate must he sell the remaining 
1 OOlbs.^ so as to dear 10 per cent, upon the whole ? 

Answer : 9*. S|rf. A/. 

(15) A mixture of wine and water of 32 measures 
contains one measure of wine : how much water must be 
added to this mixture that 32 measures of it may contain 
J of a measure of wine ? 

Answer : 224 measures. 

(16) A hare starts 40 yards before a greyhound and 
is not perceived by him till she has been up 40 seconds: 
she gets away at the rate of 10 miles an hour and the 
dog pursues her at the rate of 18 miles an hour: how 
long will the course last and what distance will the hare 
have run ? 

Answers : 60^ seconds and 490 yards. 

(17) At what time between twelve and one o'clock, 
do the hour and minute hands of a watch point in direc- 
tions exactly opposite ? 

Answer : 32min. 4f3^xsec. past 12. 

(18) A church clock is set at 12 o'clock on Satur- 
day night; at noon on Tuesday it is 3 minutes too fast: 
supposing the rate regular find the true time when the 
clock strikes four on Thursday afternoon. 

Answer : 5{^ minutes before four. 

(19) If 5 men or 7 women can perform a piece of 
work in 35 days : in what time can 7 men and 5 women 
do the same ? 

Answer : l6fj days. 

(20) A certain number of Tnen tcion? ^^ wst«» ^ 
grass in S hours and a certain number o^ oOa«c% tho-^ 
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8 acres in 5 hours : how long will they be in mowing 
1 1 acres if they all work together ? 

Answer : Sf hours. 

(21) If 15 men, 12 women and 9 hoys can complete 
a piece of work in 50 days ; what time would g men, 
15 women and 18 boys take to do twice as much, the 
parts done by each in the same time being as the num- 
bers 3, 2 and 1. 

Answer: 104 days. 

(22) If A can do a piece of work in 5 days, B 
twice as much in 7 days and C four times as much in 
11 days: in what time can A^ B and C together do three 
times the said work ? 

Answer: 3 days 12 hrs. 46^min. 

(23) If J. and B together can build a hut in 18 days 
and with the assistance of C they can do it in 1 1 days : 
in what time can C do it by himself? 

Answer: 28f^days* 

(24) If A can do a piece of work in 1 hour, B 
in 3 hours, C in 5 hours and X) in 7 hours : in what 
time can they do eleven times as much all working toge- 
ther at their respective rates ? 

Answer : 6hrs. 33min. 45sec. 

(25) A and B can do a piece of work in 10 days, 
A and C in 12 days and B and C in 14 days : in what . 
times can they do it jointly and separately ? 

Answers: All together in 7^ days, A in 17if days, 
B in 22|f days and C in 36J^| days. 

(26) If A, B and C could reap a field in 1 8 days, 
By C and D in 20 days, C, D and A in 24 days, and D, 
A and B in 27 days : in what times would it be reaped 
by them all together, and by each of them separately ? 

Answers : By them all together in l6/ffV days, by A in 
87§^ days, by B in 50|days, by C in 41 7^ days and by 
D in 170}^ days. 



CHAPTER VII. 



INVOLUTION AND EVOLUTION, 

WITH THE ABITHMETIC OF SUBDS. 



INVOLUTION. 

165. Dbf. a Porver of a number is the number 
which arises from successive multiplications by itself: the 
operation by which it is obtained is termed Involution ; 
and the "Degree or Order of the power is denoted by 
the number of factors employed. , 

Thus, taking the number ^, we shall have the powers 
of it as follows : 

2 = 2, the first power of 2 : 

2x2 = 4, the second power of 2 : 

2 X 2 X 2 = 8, the third power of 2: 

2 X 2 X 2 X 2 = l6, the fourth power of 2 : 

2 X 2 X 2 X 2 X 2 = 82, the fifth power of 2 : 

2x2x2x2x2x2 = 64, the sixth power of 2 : 

and so on, as far as we please: 

but instead of expressing these multiplications at lengthy 
which would soon become inconvenient, we denote the 
same operations by means of Indices, or small figures 
placed a little above the line to the right of the quanti* 
ties whose powers are intended to be exhibited: thus, 
what is put down above may be denoted by 

2» = 2: 2» = 8: 2* = S2: 

2' = 4: 2* = l6: 2" = 64, &c.: 

where the Index sometimes called the Exponent is equaC 
to tile number of factors and is gteatieit \>^ one ^«xv. ^^ 
number of operations. 
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In the same manner the second powers of the nine 
digits are expressed: thus^ 



l'=l: 
2* = 4: 



4'- 16 
5«=25 
6^=^36 



7^ = 49 
8«=64 
9'= 81 



and their third powers will be written as follows: 



1»= 1: 
2*= 8: 
3* = 27: 



4**= 64 
5»*125 
6» = 2l6 



7" = S4S: 
8"=512: 
9" = 729. 



The second and third powers of numbers are styled 
their Squares and Cubes in reference to their application 
to Geometry^ as will be seen hereafter : and the operations 
by which all powers are obtained are merely those of 
Multiplication. 

166. To find the powers of a vulgar fraction or of 
a quantity expressed decimally, a similar process is used: 
thus, 



"3* 

' 2 2_4 
^3"" 3''9' 
'_2 2 2_ 
~3''3'''3~27' 



8 



(2. 5/= 2. 5: 
(2.5)*=2.5x2.5 = 6.25: 



(2.5)»=2.5x2.5x2. 5 = 15.625: 

&c. : &c. : 

and exactly in the same manner the powers of a quantity 
expressed by factors are found : 

thus, the square of 2 x 7 = (2 x 7) x (2 x 7) 

= 2x2x7x7 = 2* x7' = 4x 49 = 1 96. 

Hence it appears that a power of a fraction is equal 
to the fraction formed by raising both its numerator and 
denominator to the pow^r, and that the power of a 
quantity formed by factors is found by raising each fac- 
tor to the power. 

A mixed quantity is represented as a simple fraction 
or as a decimal, before the process is applied. 

167' ^^^8 notation furnishes important conclusions 
with respect to powers* 
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Thus, since 3^=^3x3 and S* = 3xSx3x3, we have 
3* X 3» = (3 X 3 X S X 3) X (3 X 3) 

= 3x3x3x3x3x3 = 3""^ 3^': 
3^ -^-3' = (3 X 3 X 3 X 3)-^ (3 X 3) 
3x3x3x3 



3x3 



= 3x3 = 3^ = 3*^ 



from which we infer that the Multiplication and Division 
of powers of the same quantity are expressed by the 
Addition and Subtraction of their indices. 

Similarly, we have the fourth power of 3' expressed 
by 3* X 3* X 3^x3' = 3^^ 3*** ; or, the Involution of powers 
is expressed by the Multiplication of their indices : and 
conversely. 

Ex. Let it be required to find the 6th power of 13. 
Here, 13* = 13'+»^ = 13* x 13* x 13» 
= 13 X 169 X 2197 = 4826809 : 
and the same result will be obtained by effecting any of 
the operations indicated below : 

13* « 1S» X 13* = 13' X 13' « 13* X 13. 

168. When one power of a quantity is divided by a 
higher power of the same quantity, the quotient may be 
expressed by the power of a fraction : thus, 

7»^7* = (7 X 7) -^ (7 X 7 X 7 X 7) 

"7x7x7x7 7x7 r KlJ' 

Also, from these Articles we ascertain that 

7* -f- 7* s= 7*^ = 7* : 

7« ^ 7* = JL = 1. . 

where the difference of the indices is employed in the 
numerator or denominator according as the dividend or 
divisor is the higher power. 

If the indices of the dividend and divisor be the same, 
this notation extended will give us the representation of 
unity or 1 in the form of me power of any number or 
quantity whatever, as 7 for instance, whose YCkdiei^v^^) 

since la7*-^7* = 7*^«1^ 
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EVOLUTION, 
169. Def. a Root of a number is such a number 
as being multiplied into itself one or more times produces 
it ; and the operation by which this root is obtained is 
called Evolution. 

Thus, the second or square root of 16 is 4, because 
the square of 4 is l6, or 4' = 4 x 4 = 16. 

The third or cube root of 512 is 8, since the cube of 8 
is 512, or 8" «8 X 8 X 8 = 512 : 
and similarly of vulgar fractions and decimals. 

This operation is expressed by the sign ^which is 
called the Radical Sign^ with a small figure placed on 
its left to particularize the root intended : thus, 

^-4 and 1/512^8: 

but the square root is denoted by the sign J~onli/y with- 
out the small figure, as being of most frequent occurrence. 
These operations are also indicated by means of the 
primitive fractions ^, ^, &c., used as indices, so that the 
indices ^, ^, &c., denote operations exactly the reverse of 
those expressed by the indices 2, S, &c., respectively : thus, 

4«=: 16, 16*^ = 4; 

8* = 512, 512* = 8. 

EXTRACTION OF THE SQUARE ROOT. 

170. In tliis operation, having only one magnitude 
to work with, we cannot avail ourselves of any of the 

fundamental operations of Arithmetic : we shall there- 
fore merely put down such instructions as will enable 
the student to extract the square root, without entering 
into the reasons upon which they are founded, these 
reasons admitting of a much clearer exposition by means 
of Algebraical Symbols than any that could be given in 
particular numbers. See the Appefidix, 

171. Repeating what was said in Article (l65), we 
have 

Digits : 

1, 2, 3, 4, 5, 6, 7, 8, 9: 

Squares: 

I, ^ 9, 16, 25, 36, 49, 64, 81 : 
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whence^ by mere inspection^ we are enabled to find the 
square roots of all numbers that can be produced by the 
squaring of a single figure : but it is evident that this 
statement will not be sufficient for finding the square 
roots of quantities consisting of more than two figures ; 
and recourse must therefore be had to other expedients. 

172. From the number of Jigures in any proposed 
quantity, to find the number of figures in its square root. 

Since, the square root of 1 is 1 : 

the square root of 100 is 10: 
the square root of 10000 is 100: 
the square root of 1000000 is 1000: &c.: 
we see immediately that the square root of a number of 
fewer than three figures must consist of oiily one figure : 
that of a number of more than two figures and fewer 
than five, of two figures : that of a number of more than 
four figures and fewer than seven, of three figures, and 
so on : whence it follows, that if a dot or full point be 
placed over every alternate figure, beginning at the units' 
place, the number of such points will be the same as the 
number of figures in the square root. 

This is called the Rule for Pointings and may easily 
be extended to decimals: thus, 

since, the square root of .01 is .1 : 

the square root of .0001 is .01 : 

the square root of .000001 is .001 : &c. : 

we infer that the quantity proposed must first be made 
to have an even number of decimal places, and then the 
pointing must proceed from the place of units towards 
the right hand over every alternate figure as before : and 
the number of such points will be the same as the number 
of decimal places in the square root. 

Rule for the Extraction of the Square Root. 
Point the alternate figures of the number proposed, 
beginning at the place of units, so as to form as many 
periods of two figures each as possible : find the greatest 
square number contained in the first period on thft W^ 
hand, put down its root on the right a& m diV\«voTk^ vsA 
subtract it irom that period. To the xemwu^ct \sram» 
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down the next period for a dividend, double the root just 
found for a divisor, and find how often it is contained in 
this dividend exclusive of the figure on its right hand, 
annex this quotient to the figures in both the quotient and 
divisor : multiply the divisor thus completed by the last 
figure of the quotient, subtract the product as before, 
and bring down to the remainder the period which comes 
next in order : repeat the process till every period in 
succession is disposed of, and the root or an approx- 
imation to it will thus be obtained. 

The divisors tried as above, or the trial divisors, will 
frequently be taken too large when the dividend consists 
of only two or three figures, but not so in other cases : 
and attention to this circumstance will save trouble. 

Ex. 1. Find the square roots of 1444 and 16129. 

Proceeding according to the directions given in the 
Rule, we have 



1 4 4 4(^3 8 
9 

6 8^5 4 4 
544 



16 12 9027 

1 

2 2J6 1 
44 



247>)1 729 
1729 



or, the square roots of 1444 and l6l29 are 38 and 127 
respectively : and these operations may easily be verified 
by squaring the numbers 38 and 127 : also, the import- 
ance of the remark last made will be apparent. 

Ex. 2. Required the square roots of the mixed 
decimals 22.09 and 104.7931. 

i 04.793 1(^10.23 

1 

2 2.0 9^4.7 
16 



87^609 
609 



202J0479 
404 



2 043^7 53 1 
6129 



1402 
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The former of these is a complete square whose root 
is 4.7 ; but the latter is not^ its approximate root bein^ 
10.23 with a remainder .1402: and it will be found 
upon trial, that (10.23)'+. 1402 = 104.7931 : also, this 
approximation might evidently have been carried farther, 
by affixing to the right hand of the quantity proposed, 
periods of ciphers which do not affect its value. 

Ex. 3. Determine the square roots of the fractional 

144 
quantities -^ and 1278/3^. 

From Article (l66), we see that the square root of 

a fraction may be obtained by finding the square roots 

of its numerator and denominator separately : whence, 

, n 144 the square root of 144 12 

the square root of -^- = -r — ^ ^,^^ = TS • 

^ 169 the square root of 109 13 

31Q57 
Hence also, since 1278^= , the square root 

may be found as above: but as the terms are seldom 
complete squares, it is usual to express the fraction deci- 
mally before the rule is applied ; and in this instance, 
we shall have the approximate square root of 1278.28 
s= 35.753 &c, which might have been extended to more 
decimal places at pleasure. 

Ex. 4. Extract the square root of the recurring 
decimal 1.7* 

16 4 

Here 1«7 = -^ and therefore the square root is ~ = 

1.3: but it generally happens that the corresponding 
vulgar fraction is not a complete square, ancl the ap- 
proximate root must then be found by the ordinary 
method, though it will not be a recurring decimal 

It may here be observed, that the remainder at any 
stage of the operation must not exceed twice the cor- 
responding quotient or portion of the root: and when 
a few figures of the root are obtained, their number may 
nearly be doubled by Division only. 

Examples for Practice, 

(1) Find the square roots of 676, 21025^ 9.%%%^^ 
and 998001. 

ilnswers: 26, 145, 537 aiv^ ^^^. ,^^ 
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(2) Determine the square roots of 2025, 692224, 
33016516 and 45859984. 

Answers: 45, 832, 5746 and 6772. 

(3) What are the square roots of 5774409, 62805625, 
182493081 and 3915380329? 

Answers: 2403, 79^5, 13509 and 62573. 

(4) Required the square roots of 33.64, 1082.41, 
22.8484 and 187*4161. 

Answers: 5.8, 3.29, 4.78 and 13.69. 

(5) Find the square roots of .0064, .005329, 
.00053361 and .00038025. 

Answers: .08, .073, .0231 and .0195. 

(6) Extract the square roots of ^, Jff , ^^ and §f§f , 

Answers: f , }g, ff and ^. 

(7) What are the square roots of 4|f , lOff , 345f | 
and 1506l}Jf ? 

Answers: 2J, 3f, 18f and 122^. 

4 41 

(8) Required the square roots of 32jr, 411S?|, -4y , 

:2^and756.28MM. 

Answers: 5S, 6A, 2.625, .0029 and 27.5iJr. 

(9) Determine the square roots of .9, 876.535, 
728.6527 and 29.41275 to four places of decimals. 

Answers: .9486, 29.606S, 26.9935 and 5.4233. 

(10) What are the square roots of the recurring 
decimals,.!, .027 and .049382716? 

Answers: .3, .16 and .2. 

EXTRACTION OF THE CUBE ROOT. 

173. The Investigation of this operation is best con- 
ducted by general Symbols, and we shall merely put 
down here such observations and directions as are neces- 
sary and sufficient for performing it 

Digits : 

h % S, 4, 5, 6, 1, &, 9'- 
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Cubes: 
1, 8, 27, 64, 125, 216, 343, 512, 729: 

and it is important that these last numbers and the cor- 
responding roots should be committed to memory. 

174. Given the number ofjigures in a number, tojlnd 
the number of figures in its cube root. 

Since, the cube, root of 1 is 1 : 

the cube root of 1000 is 10: 

the cube root of 1000000 is 100 : &c., 

it follows that the cube root of a number between 1 and 
1000 consists of one figure: that of a number between 
1000 and 1000000 of two figures: that of one between 
1000000 and 1000000000 of three figures, and so on; 
so that if a point be placed over every third figure, 
beginning at the units' place, the number of points thus 
placed will be that of the digits in the cube root : and it 
may manifestly be extended to Decimals. 

Rule for the Extraction of the Cube Root. 

Point the figures as above directed: then the first 
figure of the root is the number whose cube is equal 
to, or next less than, the first period on the lefl hand : 
and the remaining figures will be obtained by the follow- 
ing uniform process. 

To the remainder, if any, bring down the next period, 
and for a divisor take 300 times the square of the part 
of the root already found : this gives the next figure of 
the root : perform the multiplication, to the product add 
the square of the last figure of the root when multiplied 
by the rest and by 30, and also the cube of the last, and 
subtract the sum: to the remainder annex the next 
period, and proceed in the same way till the root or 
the requisite approximation to it is obtained* 

The first and second quotients will frequently be 
taken too large; the remainder i^t any step must not 
exceed three times the square of the root obtained to- 
gether with three times the root itself, and iVv^ wx«s&i«t 
of figures in the root may nearly be doubled Vs^ oxSocoscrj 
divjsjoiL 
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Ex. 1. Extract the cube root of 21952. 
Here, after pointing the numbers, we have 

2 i 9 5 2 (^28 = cube root: 
2"= 8 



2» X 300 = 1200 J 13 9 5 2 dividend: 

9600 

8'x2x30= 3840 

8'= 5 12 



13 9 5 2 subtrahend : 



and this is easily verified, for the cube of 28 «= 21952. 
Ex. 2. Find the cube root of 12812.904. 

12 8 1 2.90 4 (^2 3.4 = cube root: 
2*= 8 



2' X 300 = 1200 J 4 8 12 dividend : 

3600 

3*x2xS0= 5 40 

3»- 27 



4167 subtrahend : 

23* X 300 = 158700J 6 4 5 9 4 dividend : 

6 3 4 8 

4* X 23 X 30 = 110 4 

4'= 6 4 



645904 subtrahend. 



Examples for Practice. 

(1) Determine the cube roots of 1331, 15625, ^€^656 
and 117649. 

Answers: 11^ 25, S6 and 49. 

(2) Find the cube roots of 2197, 185193, 704969 
and 912673. 

Answers: 13, 57, ^9 aii^ SI- 
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(3) What are the cube roots of 33076161, 13069223, 
105823817 and 873722816? 

Answers: 321, 247/ 473 and 956. 

(4) Determine the cube roots of 17.576, 132.651, 
493.039 and 64481.201. 

Answers: 2.6, 5.1, 7*9 and 40.1. 

(5) Required the cube roots of 1 8.609625, .007645373, 
.876467493 and .001030301. 

Answers: 2.65, .197, .957 and .101. 

(6) Extract the cube roots of ^A, i^j^bj ^9ir and 

755Sm> 

Answers: f, iJ^, 3f and 19|, 

(7) What are the approximate cube roots of .8, .27, 
and the exact cube roots of .037 and 1587*962? 

Answers: .9283 Ac, .6463 &c., .3 and 11.(5. 

EXTRACTION OF SOME OTHER ROOTS. 

175. The directions already employed may by a 
]Ittle management be rendered available for the discovery 
of some other roots, as will be evinqed in the following 
Examples. 

Ex. 1. Required the fourth root of I679616. 

The fourth power of a quantity being equivalent to 
the square of its square, it is evident that the fourth root 
will be the same as the square root of its square root, 
and may be found by the two following operations per- 
formed according to the Rule laid down in Article (172) : 

i 6796 1 6(^1296 



1 



22J67 
44 



249 J 2396 
22 4 1 



2586; 15 5 16 
15516 



1 2 9 6 (,36 

9 

66)396 
396 



and therefore the fourth root of l6l96\6 \% S^* 
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Ex. 2. What is the sixth root of 308.915776? 

Here^ the square root is found to be 17*576 : and the 
cube root of 17.576 is 2.6, which is evidently the sixth 
root of the quantity proposed. 

I 176. What has been done in these two instances will 
serve to shew that all higher roots of quantities may be 
extracted by the rules already given, whenever the re- 
ciprocals of the indices representing them can be resolved 
into the factors 2 and 3 or these factors repeated : thus, 
the ^ghth root of 21035.8 = the square root of the fourth 
root of 21035*8 = the square root of the square root of the 
square root of 21035.8 := 3.47032 &c.; but such a process 
manifestly cannot be made use of in other cases. 

SURDS OR IRRATIONAL QUANTITIES. 

177* Def. When the quantity whose root is to be 
extracted is not a complete square, cube, &c., we have 
seen that there will be a remainder left however far we 
may continue the operation, and the root can therefore 
be found only approximately : that is, such a quantity has 
no exact root, and its representation is termed a Surd or 
Irrational Quantity, 

For instance, the square root of 2 expressed by J2, 
is evidently not a whole number^ because the square of 
no whole number whatever is 2: neither can it be a 
vulgar fraction, because the square of every vulgar frac- 
tion properly so called is itself a vulgar fraction ; and it 
cannot be a recurring decimal, because all such quanti- 
ties are equivalent to finite vulgar fractions: in other 
words, the square root of 2 may be found as nearly as 
we please, but not exactly; and it is termed an i«- 
commensurable quantity, because it admits of no exact 
measure which is any ^nite quantity whatever either 
integral or fractional. 

178. The surds of most frequent occurrence are those 
designated by the sign ^or ^ , or by the index i, and 
termed Quadratic Surds: and in general, when any 
quantity is represented in the form of a surd by means 
of a fractional index, it is always understood that the 
numerator of the index denotes the power to which the 
number is intended to be Taised, and ibat the deno-» 
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minator expresses the root afterwards to be extracted: 

thus, 27 will represent the cube root of the square 
of 27, and is therefore equivalent to the cube root 

of 729 which is 9: that is, 27 , though expressed in the 
form of a surd, is in reality a rational quantity: and 
conversely. 

179* Hence, the fundamental operations on surds 
must be performed upon their approximate values ob-> 
tained as before : but these operations may frequently be 
shortened, as will appear in the following instances. 

Since ^= 74or2 = n/4 X ^= 2 X ^2, or = 2 ^2 ; 

we have, in Addition, J%-h J2^ 2 J^-^-J^^S Jzt 

in Subtraction, J^- J%^Z J^- J^^J^x 

in Multiplication, J% x ^= 2 J^ x J^= 4 : 

in Division, Js-r- J2^ 2 J^-i- J^- 2 : 

where the extraction of only one root is sufficient for the 
operations of Addition and Subtraction, and the pro-^ 
duct and quotient are rational quantities* 

The Involution and Evolution of such quantities may 
frequently be effected in the same way : thus, the square 
of 2 JJ— the product of the square of 2 and the square 
jof J5 = 4 X 5 « 20 which is a rational number : and 
conversely* 

Again, by multiplying each of t he terms of the 
numerator and denominator by JTOO, we have 

8 + 1.5 9.5 ,1 . , 

= gQ_^ =-jg = -5 = 2 , a rational quantity. 

180. It has been said that the values of surds may 
be found as nearly as we please : and this will clearly be 
done by continuing the extraction to the number of places 
of decimals in the root which we may fiiidTift^ifta^wrj ^^st 

the purpose: thus, since J^^\A\^\ &c,> TweVa^^* 

^^ — ^ 
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J^^ 1.4, nearly : 

= 1.41, more nearly : 

= 1.414, still more nearly : 

= 1.4142, still more nearly : 

= &c : 

and consequently its magnitude may be compared with 
that of any other numerical quantity either rational or 
irrational, although its absolute magnitude can never be 
exactly ascertained. 

181. As quantities of this description have their 
origin in circumstances not purely Arithmetical^ it is 
no objection to the definition of Ratio before given that 
they scarcely seem to be included in it 

A ratio may however be incommensurable inform^ 
when it is commensurable in fact, as is the case with 
the ratio Js : J^^ whose magnitude is expressed by 
« ^/2 : /s/s", or by 2 : 1. 

Again, because the ratio Js : J^ is the same with 
the ratio ^3 x J^i J^ x Jz, or ^6^ : 2, the magnitude 
of this ratio may be found to every degree of nicety by 
continually increasing the number of decimal places in 
the extraction of the square root of 6. 

The Arithmetic Mean between two numerical mag- 
nitudes being half their sum, will always be commen- 
surable when they are so themselves ; but the Geometric 
Mean, which is the square root of their product, will not 
necessarily be a terminating quantity under the same cir- 
cumstances : thus, the Arithmetic Mean between ] S and 
24 is 18.5, a rational quantity, whereas the Geometric 
Mean between them is Jsi2 = 17.663 &c., which is an 
incommensurable magnitude* 

Example for Practice, 
(1) Find the approximate values of 4 x (tt^)' and 
tJSx (a/5 - 1), to four places of decimals. 
Answers : .7l6l and ^A^QQ. 
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(2) What are the sum and difference of bj^ and 
7 J^y to four places of decimals ? 

Answers : 26.8698 &c. and 12.7278 &c. 

(3) Find the value of the expression iGjs-h lO^/i 
-4^12-3,^108, to two places of decimals. 

Answer: 15.4-3 Sec 

(4) Determine the product and quotient of 5 fJTs 
and 7 JtSy to three places of decimals. 

Answers: 1178.415 &c. and .381 &c 

(5) What is the square of sJY said the cube of 
^/2x^? 

Answers: 63 and 18^. 

(6) Required the approximate values of the square 
roots of Jli and 14!-6j5, to two places of decimals. 

Answers : 1.82 &c. and .76 &c. 

(7) Which is the greater o£ J% + Jl md Js ^ Js } 
also, of JQ-JJ and J%-Jl} 

Answers : J2+ Jf and ^- »/5. 

(8) Reduce J^O, zJiE and 3,^80, so that they 
may contain the same surd. 

Answer: 2^/5, 6j5, and 12^. 
(p) Det ermine the exact value of Vl9 + 8^+ 

Answer : 8. 

(10) Fin d the exact value of the compound surd 

77108 + 10-^^7^^^^^- 

Answer : 2. 

These subjects are fully discussed by means of 
general symbols in the ^k Chapter of the Author's 
Elements of Algebra. 
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THE NATURE AND PROPERTIES OF LOGARITHMS. 

182. Def. 1. Logarithms are a series of magnitudes 
increasing by a common Difference, corresponding to 
another series of magnitudes increasing by a common 
Multiplier: thus, if tlie former series be the natural 
numbers increasing by the common difference 1, as 

0, I, 2, S, 4, 5, 6, 7, 8, 9, &c.; 
and the latter begin with 1 and increase by the conunon 
multiplier or factor 2, as 

1, 2, 4, 8, 16, 32, 64, 128, 256, 512, &c 
or, 2^ 2», 2', 2", 2*, 2*, 2', 2^^ 2", 2*, &c; 

any term of the former series is denned to be the loga* 
ritnm of the corresponding term of the latter : thus, we 
have 

= logof2'or 1; 5 = logof2*or 32; 

1 = logof2"or 2; 6 = logof2'or 64; 

2 = logof2*or 4; 7 = log of 2^ or 128 ,• 
3=logof2"or 8; 8 = logof2'or256; 

4 = logof2*or 16; 9 = log of 2* or 512 ; &:c.; 

where the number 2, which has been arbitrarily assumed, 
is called the Radix or Base of thie System of Logarithms : 
and it is evident that if the magnitude of any term in 
either of these series of quantities be assigned, that of the 
corresponding term in the other will be given. 

Also, if an arithmetic mean between any two of the 
terms of the former series be found, it is manifest from 
the manner in which the two series are connected, that 
a geometric mean between the two corresponding terms 
of the second series must have the same relation to it, 
throughout the whole extent of both the series adopted. 

A simpler idea of these numbers will perhaps be had 

by defining the logarithm of a magnitude to be the index 

of a Jlxed number which, when raised to the power de- 

noted by that index, produces the 'mAg;a\tude» the fixed 
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number being assumed of any magnitude whatever, that 
of unity excepted because every power of 1 is 1. 

183. Dep. 2. If the number 10, which is the Base 
of the Common System of Notation, be adopted for the 
base of the logariUims as above defined, the terms of the 
series 

0, 1, 2, S, 4, 5, 6, 7, 8, 9> &c. 
will, by the last Article, be the logarithms of the cor- 
l>esponding terms of the series. 

10^ 10*, 10*, 10", 10*, 10», 10«, 10^ 10», 10^, &c.: 
that is, in a system of logarithms whose base is 10, 
= loglO* or 1; 
1-log 10' or 10; 
2 = log 10" or 100; 
S = loglO' or 1000; 

4 = log 10* or 10000; 

5 = log 10* or 100000; 

6 = log 10* or 1000000; 

7 = log 10^ or 10000000; 

8 = log 10» or 100000000; 

9 = log 10* or 1000000000 ; &c. = &c.: 

and it is further manifest from what has been said, that 
the arithmetic mean between any two terms of the first 
series will be the logarithm of the geometric mean be-* 
tween the two corresponding terms of the second. 

The arithmetic mean of and 1 is .5 : 
the geometric mean of 1 and 10 is 3.16227 &c. ; 
and therefore .5 = the logarithm of 3.16227 &c. 
The arithmetic mean of .5 and 1 is .75 : 
the geometric mean of 3.16227 &c. and 10 is 5.62341 &c; 
whence .75 = the logarithm of 5.62341 &c. 
The arithmetic mean of 1 and 2 is 1.5: 
the geometric mean of 10 and 100 is 31.62277 &c.; 
whence 1.5 » the logarithm of 31.62277 &c. : 

and by continued repetitions of the -pTocesft \SL^TL^Qa»«fc 
and other numbers it follows ttiat tW \o^wcvOaxft» oli ^^. 
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magnitudes'whatever might be ascertained, thougH the 
labour requisite to do it would be immense. 

It appears that is the logarithm of 1 in anj system 
whatever its base may be. 

184. Dbf. 3. There is no difficulty in seeing that 
the logarithm of a magnitude between 1 and 10 will 
be a decimal fraction: that of a magnitude between 10 
and 100 will be 1 with a decimal fraction annexed: that 
of one between 100 and 1000 will be 2 with a corre- 
sponding decimal fraction, and so on : for^ 

0.5 = log 3.16227 &c.: 

0.75 « log 5.62341 &c.: 

1.5 =log Sl.62277 &c. : &c.: 

and the integers 0, 1, 2^ 3, &c., to the left of the decimal 
points in the logarithms of magnitudes are called the 
Characteristics of those logarithms : thus, is the cha- 
racteristic of the logarithms of all magnitudes between 
1 and 10; 1 is the characteristic of the logarithms of 
all magnitudes between 10 and 100 ; 2 that of all mag« 
nitudes between 100 and 1000 ; &c. 

185. Def. 4. If the logarithms of all magnitudes 
be calculated by processes analogous to the one above 
explained, (or indeed by any other methods which the 
present advanced state of mathematical science may sug. 
gest, but which were unknown to the more early writers 
upon the subject,) and the results be put into the form 
of a table, we shall have what is called a T(d>le of Loga- 
rithms; and this may be used to facilitate the arithmetical 
operations of Multiplication, Division, Involution and Evo- 
lution, and to render these operations when applied to 
surds or other complicated magnitudes, exceedingly con- 
jcise and easy. The advantages thus conferred upon the 
practical mathematician will be fully explained and ex- 
emplified in the following Articles. 

186. The Logarithm of the Product of two magni- 
tudes is equal to the sum of the Logarithms of those mag's 
nitudes. 

Resuming the two series of magnitudes last used^ we 
Aave 
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logarithms, 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, &c.: 
numbers, 1, 10', 10% 10», 10*, 10», 10*, 10% 10», 10», &c.: 
and in these we observe that 

log(l xlO) = log 10 = 1 =0+1 
= log I + log 10: 
log(10x 100) = log 1000 = 3=1 +2 
= log 10 + log 100: 
log(10x 1000) = log 10000 = 4= 1 + 3 
= log 10 + log 1000: 
log (lOa X 10000) -log 1000000 = 6 = 2+4 
= log 100 + log 10000, &c. : 

also, it is manifest from the formation of these numbers^ 
that the same must be universally true, and that 

log 6 =log(2x3) = log2 + log3: 
log 15 = log (3 X 5)- log 3 + log 5 : 
log 24 = log (4x6) = log 4 + log 6, &c. : 

and this property may be rendered available to facilitate 
the multiplication of numbers whenever a table of loga- 
rithms, as explained in* the last Article, is at hand. 

Ex. Let it be required to find the product of the 
numbers 7 and 23, by means of a table of logarithms. 

Here, referring to tables of this description, we find 
log 7 = 0.8450980, 
log 23 = 1.3617278, 

the characteristics which are there omitted being and 
1 respectively, for the reasons assigned in Article (184) : 



whence, the logarithm of the required product will be 
0.8450980 + 1.3617278 = 2.2068258 ; 

and by looking again into the table, we find that this 
quantity without the characteristic, namely, .2068258 is 
the logarithm of l6l, the characteristic itself merely 
shewing that the number is between 100 and 1000 : that 
is, we have now the logarithm of the required product 
equal to the logarithm of l6l, and consequently the 
product will be l6l. 

The operation above given may be xaote con-oewfttiXX^ 
arranged as follows : 
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log (7 X 23) » log 7 + log 23 

= 0.8450980 + 1.3617278 
» 2.2068258 
«log l6l : 
and therefore 7 x 23 « l6l, as we know to be the case. 

Precisely in the same manner^ whatever be the num* 
ber of factors as 17> 26^, S5^ &c.^ we shall have 

log (17 X 26 X 35 X &c.) = log 17 + log (26 x35x &c.) 

s=logl7+log 26+log35 + &c., 

from which the product maj be ascertained as in the 
preceding example. 

187* The Logarithm of the Quotient of two magnitudes 
is equal to the difference of the Logarithms of those mag' 
nitudes. 

Referring to the statement made at the head of the 
last Article, we see that 

log (10 H- 1) = log 10 = 1 = 1 - 
-loglO-logl : 
log(1000-7- 10) »log 100 = 2 = 3-1 
slog 1000 -log 10: 
log (1000000 -MOO) = log 10000 = 4 = 6 - 2 

= log 1000000 - log 100 : &c. : 

and the general nature of these operations leads us to 
conclude similarly, that 

log 3 «log(6-4-2) =log6 -log2: 
log 9 -log(27-f-3) -log27 -log3: 
log 23 = log (l6l -5- 7) = log l6l -log 7: &c 
This property will enable us to ascertain the quotient 
of two quantities^ by the help of a logarithmic table. 

Ex. What is the quotient arising from the division 

of 324 by 27? 

Here, log (324 -f 27) = log 324 - log 27 

= 2.5105452-1.4313639 
= 1.0791813 
«logia: 
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whence it follows from the equality of these logarithms, 
that 

324 -5-27 =12, 
as is easily verified by ordinary division. 

188. The Logarithm of a Power of a magnitude is 
equal to ike Logarithm of that magnitude muUiplied by 
its index. 

For> we have seen in the preceding Articles, that 
Iogl0* = logl00 =2 =2x l-2xlogl0: 
log 10" = log 1000 =3 = 3 xl=Sxlog 10: 
log 10* = log 10000 = 4 = 4x l«4xlogl0: &c.: 

and similar conclusions will manifestly hold for the 
powers of any other magnitudes, as 

log 4' " 3 X log 4 : 
log 9^ =7 xlog9: 
log 18'** = 10 X log 18: &c. 

Ex. To find the seventh power of 2, we have 
log2^ = 7xIog2 

= 7 X 0.3010300 
= 2.1072100 = log 128 : 
whence^ suppressing the logarithms of both, we have 

2^=128, 
which ordinary multiplication will shew to be true. 

189. The Logarithm of the Root of a magnitude is 
equal to the Logarithm of thai magnitude divided hy the 
whole number which denotes the root. 

For, as before, it is evident that 

logyi00 = log 10 = l=2-4-2 = JloglOO: 

log ^1 000 « log 10 = 1 =3-7-3 = Jlog 1000: 

log ^10000 = log 10 = 1 = 5 H- 5 = i log 100000 : &c.; 

and similarly, whatever the numbers may be, as 

log^/lT -i log 11: 

log,7l25 =i log 125: 

log ^3421 - i log 34ai •. &c. 
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Ex. To extract the seventh root of 128, we have 

log ^128 = I log 128 

-^(2.1072100) 
= .3010300 = log 2: 
whence is immediately obtained ^128 = 2. 



190. From the preceding Articles and examples given 
to illustrate them we perceive that by the assistance of 
a table of logarithms, the operation of Multiplication is 
reduced to that of Addition: the operation of Division to 
that of Subtraction : the operation of Involution to that of 
Multiplication^ and the operation of Evolution to that of 
Division : and it cannot now be difficult to see of what 
immense importance such numbers must be in those de- 
partments of science wherein these operations are called 
into frequent practice, and more particularly in the use 
of surds or other complicated quantities, which it would 
require great labour to manage according to the rules 
previously laid down. 

191. As far as the theoretical view of logarithms is 
concerned, it is manifestly of very little importance what 
magnitude be adopted as the base of the system: but in 
practice^ the one nere assumed may easily be shewn to 
possess great advantages over all others, both as to the 
computations of the numbers themselves, as well as to 
their practical use. 

From the properties of these numbers taken notice of 
in Articles (186) and (187)> it will appear that the loga- 
rithms of aa magnitudes expressed by the same significant 
digits, whether they be integral, decimal or mixed, differ 
only in their characteristics, the quantity to the right of 
the decimal point called the MatUissa or Over-weight, 
remaining the same for them all. 

For, by every multiplication or division of a quantity 
by the Base, the characteristic of its logarithm is in- 
creased or diminished by an unit ; because we have 

log 1230 -log(123xl0) 

-log 123 +log 10 = log 123 + 1 : 
log 12300 =log(l2S X 100) 

= log 123 +log 100=\ogUa + 2; 
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log 123000 = log (123 X 1000) 

= log 123 + log 1000 = log 123+3, &c. : 
log 12.3 = log (123 -r 10) 

= log 123-logl0 = log 123-1 : 
log 1.23 = log (123 + 100) 

«log 123 -log 100 = log 123 - 2: 
log .123 = log (123 + 1000) 

= log 123 :- log 1000 = log 123 - 3 : &c. : 

and since the characteristic of the logarithm of a figure 
in the place of units is 0, it is evident that the character- 
istic in any case will be additive or suhlractive according 
as the number is greater or less than unity : and it is on 
this account that in the tables usually employed the 
characteristics are entirely omitted, being intended to be 
supplied by the calculator when wanted. 

Thus, by means of a logarithmic table, we have 

log 123 = 2.0899052, 

the characteristic 2 being here supplied from the con- 
siderations mentioned in (184): therefore from what is 
done above, we get 

log 1230 = 1 + log 123 = 3.0899052 : 

log 12300 = 2 + log 123 = 4.0899052 : 

log 123000 = 3 + log 123 = 5.0899052 : 

log 1230000 = 4 + log 123 = 6.0899052 : &c. : 

log 12.3 = log 123 - 1 = 1.0899052 : 

log 1.23 = log 123 - 2 - 0.0899052 : 

log .123 = log 123 - 3 = £.0899052 : 

log ,0123 = log 123 - 4 = 2.0899052 : &c. : 

the small lines made over the 1 smd 2 in the last two 
logarithms being intended to shew that the characteristic 
is there to be subtracted, instead of being added as in 
the rest, the mantissa remaining additive as before. 

The construction of logarithmic tables will conse- 
quently be much facilitated by the adoption of the num- 
ber 10 as their base, a single mantissa now belonging to 
all magnitudes expressed by the same significant digits^ 
which evidently could not be the caae -vet^ «sx^ c«^«t. 
assumed in its stead: and the advcovta^ «x\&c& «i\^^'^ 
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from the circumstance of this number being the base of 
the system of notation in general use* 

192. It would be foreign to the design of the present 
work to enter into the detail of the methods employed 
in the construction of a Table of Logarithms^ and we 
shall merely notice, among some of the uses of such 
a table, how the logarithms of numbers may in eertain 
cases be derived from one another, and what expedients 
may be resorted to in order to establish their correctness. 

193. Tojind the Logarithm of a Composite Number. 

Let the number be decomposed into its pnme factors; 
then by Article (186), the logarithm of the number 
proposed is equal to the sum of the logarithms of its 
factors. 

Thus, since 987 = 3 x 329 = 3 x 7 x 47i 
we have log 987 = log 3 + log 7 + log 47 ; 

and if the latter be known, the first is found : also, these 
logarithms if calculated independently will verify one 
another. 

194. To Jind the Logarithm of a Fraction* 

Let the logarithm of the denominator be subtracted 
from the logarithm of the numerator, and the difference 
will be the logarithm of the proposed fraction, as appears 
from Article (187). 

5 
Thus, log - =log 5 - log 7 : 

and log 3^ = log~ =logl9-log5: 

D 

and from these instances it follows that the logarithm 
of a proper fraction is subtractive whilst that of an 
improper fraction is additive. 

In practice, the logarithm of a proper fraction is 
adjusted so as to have its mantissa additive and its charac- 
teristic subtractive^ as in Article (191) : thus, 

3 — 

lo^ ~ = log 5 -log 7 -iog 50 "-l Iog7-l + 0<^g^0-log7). 
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195. To find the Logarithm of a Vomer or a Surd, 

Multiply the logarithm of the quantity by its index 
whether integral or fractional^ and the result will be the 
logarithm of the power or surd proposed^ as is evident 
from Artides (188) and (189). 

Thus, log7* = 2log7: 

andlog^J=|log|-|Gog2-log9): 

and the logarithm of a surd will therefore be greater 
or less than the logarithm of its root, according as the 
index is greater or less than 1. 

196. To find a fourth proportional to three given 
magnitudes. 

From the sum of the logarithms of the second and 
third magnitudes subtfact that of the firsts and the 
remainder will be the logarithm of the fourth propor- 
tional^ which may therefore be found by the tables. 

Thus, let or be a fourth proportional to S, 7 and 11 : 
then since 

3 : 7 :: 11 : a?, 

- 7x11 

we have x = — - — ; 

o 

and therefore logo? = log 7 + log 11- log S. 

197* To find a mean proportional, or geometric mean 
between two given magnitudes. 

Divide the sum of the logarithms of the proposed 
quantities by 2, and the quotient will be the logarithm 
of their mean proportional. 

Thus^ if X be the mean proportional between 13 and 
17> we have, by the definition of a mean proportional, 

IS I X i: X I n ; 
and therefore by Article (1 30), we obtain 

«• = 13x17 and ar = (13xl7)*; 

whence^ log a? = - (log 13 + log 17). 

At 

198. ■ The preceding Articles shew us l\i«l vcv ^^ 
formation of a set of LogatithmVeTs^Xei^ \X. ^*^ '^^^ 
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necessary to calculate the logarithms of the prime num- 
bers only^ and that those of their various multiples may 
then be found by addition. 

When part of a table has thus been constructed, 
one portion of it may be used to verify another : thus 
when we have found the logarithms of 3, 5 and 6, we 
should have 

30 
1 = 1 og 10 « log — = log SO - log 3 = log 5 + log 6 - log 3 : 
o 

and by means such as these, a check may be applied 
at any stage of the process in order to ascertain the 
correctness of the previous computations. 

199. For the reader's exercise we put down here 
the logarithms of the prime numbers less than 100 with- 
out their characteristics; and he will thus be enabled 
to construct for himself a table of the logarithms of all 
other numbers up to 100. 



N08. 


Logarithms. 


Nos. 


Logarithms. 


2 


3010300 


43 


633^685 


3 


4771213 


47 


6720979 


7 


8450980 


53 


7242759 


11 


0413927 


59 


7708520 


13 


1139434 


61 


7853298 


17 


2304489 


67 


8260748 


19 


2787536 


71 


8512583 


23 


3617278 


73 


8633229 


29 


4623980 


79 


8976271 


31 


4913617 


S3 


9 190781 


37 


5682017 


89 


9493900 


41 


6127839 


97 


9867717 



These logarithms are extracted from Mr Babbage's 
Tables which every practical Student should have in 
his possession. 

Examples for Practice, 
(1) Required the logarithms of 5 and I68. 
Answers : .6989700 and ^AStS^O^S. 
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(2) Determine the logarithms of 1.04 and 3690. 

Answers: .0170334 and 3.5670265. 

(3) What are the logarithms of if and t^ ? 

Answers: .2430380 and T.86l6973. 

(4) Express the logarithm of 225 by means of the 
logarithms of 2 and 3, and verify it. 

Answer: 2-2log2 + 2 log 3. 

(5) Given the logarithms of 3 and 7, find the loga- 
rithm of 14700, and verify it. 

Answer : 2 + log 3 + 2 log 7. 

(6) Given the logarithms of 2 and 3, deduce the 
logarithm of .0072, and prove the converse. 

Answer : 3 log 2 + 2 log 3 - 4. 

(7) Find the logarithm of 50000 in terms of the 
logarithms of 2l6 and .081. 

Answer: 5.75 -- log 2l6 + - log .081. 

(8) Express the logarithms of 8 and 9 in terms of 

those of 6 and 15. 

3 S 

Answers : 1.5 + - log 6 - - log 15 and log6 + log 15-1. 

(9) Find the logarithm of 83349 from the loga- 
rithms of 3 and .21 

AnsTfer : 6 + 2 log 3 + 3 log .21. 

(10) Given the logarithms of 15 and l6, find those 

of 27 and 4^. 

3 3 

Answers: 3log 15+-log 16—3 and 4log 15+7 log 16- 5. 

(11) Find the logarithms of 1 5.625 and .00475. 
Answers : 6 log 5 - 3 and 2 log 5 + log 19 - 5. 

9 2 

(1 2) Required the logarithms of -^ and —— in terms 

of the logarithms of 2, 3 and 5. 

^ Answers: 2log5 + 2 log 3-2 lo^^-St, 
and 4 log 2 -log 3-d. 
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% j 24 

(13) Determine the logarithms of a/ -^ and 

^1.625, by means of those of 2, 3, 5 and 13. 

2 2 

Answers: 2log2--log3 + -log5- 1, 

1 3 

and -log 13 « T^^S^. 

(14) Express the logarithm of 7 in terms of the 
logarithms of 2* and .714285. 

Answer : 1 - log 2 - log .71 4285. 

(15) Given the logarithm of 10424 = 4.0180353: 
find the fifth root of 1^. 

Answer: 1.04^4. 

2* X 25* 

(16) Determine the value of the expression -, — -^ 
by means of logarithms. 4 x 10" 

Answer: 6.25. 

(17) Find a fourth proportional to the quantities 
1.3, .0104 and 2.375 by logarithms. 

Answer: .01 9. 

(18) Determine by logarithms a mean proportional 
between the magnitudes .004 and 72250. 

Answer : 17. 

(19) Given .200686 = log 1.58740 = 2 log 1.25992 : 
find the value of ^4-^2. 

Answer: .32748. 

(20) Given 2.230930 6 = log 1 70. 188: it is required 
to find the value of 8 x ^njWx^. 

Answer: 13.61504. 

(21) Required the number of figures in the product 
of 324 and 126, by means of logarithms. 

Answer : 5. 

(22) Find the numbers of digits in the results of 
the involutions of 2** and 3**, by means of logarithm^. 

Answers : 4 and 6« 
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(2.3) Required by a table of logarithms, the index of 
5 which shall give a result equal to 20. 

. 1 + log 2 

Answer: ; — . ^ ^ . 
1 - log 2 

(24) Find the logarithm of 180 in a system whose 
base is 12, by means of a table of common logarithms. 

. l+log2 + 2loff3 

Answer: ^, ^. — , — §-. 
2 log 2 + log 3 

(25) Shew that the Mantissa of a logarithm depends 
upon the Jigures and not upon the pointing off: and that 
the Characteristic depends upon the pointing off and not 
upon the^gMre^. 

The invention of Logarithms is due to the celebrated 
John Napier or Neper, Baron of Merchiston in Scot- 
land, who was bom in the year 1550 and died in the 
68th. year of his age. The base of the Napierian System 
of Logarithms is the mixed magnitude 2.71828 &c.; but, 
for the great improvement in the subject hinted at in 
Article (191), we are indebted to Mr, Henry Briogs,, 
Professor of Geometry at Oxford, by whom a Table of 
Logarithms was published in the year l624. 

The reader who may be desirous of further inform- 
ation upon this portion of science is referred to Dr. Hut- 
ton's Mathematical Tables which contain an account of 
the discoveries of the most celebrated writers connected 
with it : but he will not be able to appreciate their inge- 
nuity and merits without a much more extensive know- 
ledge of numerical calculations than can be acquired 
from this or any other treatise on Arithmetic' 
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CHAPTER IX. 



THE APPLICATION OF ARITHMETIO TO 
GEOMETRY. 

200. Def. 1. In some of the preceding chapters 
the symbols and signs of Pure Arithmetic have been 
transferred from abstract magnitudes so as to represent 
concrete magnitudes and their relations to each other; and 
it is on the same principle that the objects oi Geometry 
or Geometrical Magnitudes^ as Lines or Distances, Super^ 

Jicies or Areas, and Solid Contents or Volumes, are valued 
and compared by means of the numbers representing 
their respective Dimensions. 

A line having length only has one dimension : a super- 
ficies having length and breadth comprises two dimeiv^ 
sions ; and a solid has three dimensions, inasmuch as it 
is defined by three magnitudes^ lengthy breadth and depth 
or thickness. 

201. Def. 2. A Measure in Geometry is a magni- 
tude assumed as an Unit with which other magnitudes 
of the same kind may be compared : and though one 
magnitude neither contains another nor is contained in 
it an exact number of times, there may still be a third 
and smaller magnitude which is capable of measuring 
them both. 

A measure has therefore the same relation to quantity 
as unit has to number; and all quantities and numbers 
are said to be equal to the aggregates or sums of their 
measures and units respectively. 

When the magnitudes of lines are numerically ex- 
pressed, the Principles of Geometry must furnish the 
means of valuing or comparing with each other, those 
of both superficies and solids of which lines naturally 
form the dimensions : and on this account we shall first 
establish the Theory of Lineal Measure and then deduce 
those of Superjlciat 9xA Solid, Measure ^xomSx. 
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THE THEORY OF LINEAL OR LONG MEASURE. 

202. Def. An Unit of lineal or long measure is a 
straight line of a certain length, arhitrarily fixed upon ; 
and by means of the ratios which other lines bear to it, 
their numerical magnitudes are ascertained. 

Thus, if the straight line ah be the lineal unit, the 
numerical magnitude of the straight line AB will be 



-I- 



determined from the following proportion : 

the magnitude of a6 : the magnitude of AB :: a lineal 
unit : the lineal units in AB; that is^ 

the magnitude oi AB will be 

t^ .. 1 /» 1 the lineal units m AB 

= the magnitude of ab x r-, -, : 

^^ a Imeal unit 

» the magnitude of ah x the number of lineal units in ABi 

whence, representing the magnitude of a 6 by uriity or 1, 
we shall have the numerical magnitude of AB repre- 
sented by the number of lineal units contained in it ; 
that is, if the lengths of two straight lines AB and CD 
be respectively 4 times and 6 times as great as the length 
of the lineal unit ab, the magnitudes of AB and CD 
will be 4 and 6 respectively which are expressed by the 
equalities, * 

^JB=4 and CD^6i 

and the same method of proceeding will shew that if any 
straight line be a multiple of the lineal unit, the numerical 
representative of its magnitude will be a whole number. 

If the line ABhe not an exact multiple of the lineal 
unit ah but have a common measure with it, so that 
when they are both divided by it, the common measure 
is contained 7 times and 3 times in them respectively; 
then, we have 

the magnitude of AB : the common measure :: 7 : 1 ; 

and the common measure : the magnitude of a6 :: 1 : 3 ; 

that is, by Articles (130) and (\3\\ N?e "V^a^^ 

the magnitude of AB » 7 x tVie cotmaow TCLe»»««^% 
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and the common measure = ^ x the magnitude of ah ; 

from which equalities we find 

1 



the magnitude of AB^7 ^-^^ the magnitude of ab 



= ~ X the magnitude of ab 
_7 

the magnitude of a 6 being represented by 1, as before ; 
and thus^ whenever a line is not a multiple of the lineal 
unit but has a common measure with it, its numerical 
magnitude will be represented by bl fraction. 

If, however, the proposed line AB be neither a 
multiple of the lineal unit a b, nor have a cotnmon mea- 
sure with it, as for instance, if A 3 = ^/2, then only an 
approximate arithmetical representation of its value can 
be had, where the approximation may easily be carried 
far enough to answer every practical purpose, as appears 
from Article (180). 

It need scarcely be observed here, that if the lineal 
unit be an inch, a foot, a ^ard, &c., the corresponding 
magnitudes of the proposed lines will be expressed in 
inches, feet, yards, &c., and their parts, respectively. 

' If the base AC and the perpefidicular altitude BC 
of the triangle ABC right-angled at C, be arithmetically 




A C 

represented by 4 and 3 denoting 4 inches and 3 inches 
respectively : then by Euclid, i. 47, 

AB^'^AO^BO 

= 4' + 3"«\6-v9=:a5\ 
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v^hence, by extracting the square roots of both sides of 
the equality, we have, 

AB — 5 inches; 
or AB will be arithmetically represented by 5. 

If AC =3 feet and J5C= 2 feet, we have, by the same 
proposition, 

^J? = ^C*+^C7* = 3« + 2» = 9 + 4 = 13: 

and thence, by the extraction of the square root, we find 

AB = JTs = 3.605 &C. feet, 

which is only an approximation to the true value but 
may be continued to as much nicety as we pleasCf 

If we had AC=^ BC « 1 yard, then would 

^^=^C' + ic* = l'+l* = 2: 

and therefore, by performing the same operation, we have 

AB^Jz^ 1.4142135 &c. yards. 

The last result proves the hypotenuse of a right- 
angled isosceles triangle, or the diagonal of a square, to 
be incommensurable with either of the sides. 

Hence, it appears that a quadratic surd may be 
expressed accurately in Geometry though not so in 
Arithmetic; and it is also clear that any other geome-- 
trical proposition may be translated into the symbols of 
Arithmetic and any part determined, when the number of 
the data or of the parts given^ is sufficient for the purpose. 



THE THEORY OF SUPERFICIAL OR SQUARE 
MEASURE. 

203. Dbf. An Unit of superficial or square measure 
is a square surface or area, whereof the length of each 
side is the lineal unit: thus, if ab be the lineal unit. 
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the square abed described upon it Vi\\\>e VJEie su-perJU^wX 
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or square unit, having the two dimensions ab and ad^ 
which may be regarded as its length and breadth : and 
the magnitude of any proposed surface or area will be 
obtained by finding what multiple^ part or partSy the sur- 
face or area is of this unit. 

204. The numerical representative of the Area of a 
rectangular parallelogram is equal to the product of those 
of two of its adjacent sides. 

Let A BCD be a rectangular parallelogram whereof 
the adjacent sides AB and AD contain 7 and 5 lineal 
unitsf respectively ; take AH=^ A K'^ the lineal unit, and 
draw KE and HF parallel to AB and AD intersecting 
in G, so that AG being equal to abed on the last page. 



—p 

will be the superficial unit: then, by Euclid, vi. 1, we 
have 
the area of the parallelogram ABEK : the area of the 

superficial unit AHGK :: AB : AH ::?:!; 
whence, by Articles (ISO) and (131), 

the area of the parallelogram ABEK = 7 x the area of 
the superficial unit AHGK; 

again, by the same proposition we have 

the area of the parallelogram A BCD : the area of the 
parallelogram ABEK :: AD : AK :: 5 : 1; 

or, the area of the parallelogram A BCD = 5 x the 
area of the parallelogram ABEK; 

and therefore, from the preceding equality, we obtain 

the area of the parallelogram ABCD = 5 x 7 x the area 
of tne superficial unit AHGK ; 

whence, if the area of the 8upeTftdaV\xmX.\i^Te^^^%««vtftd 
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by 1, the area of the parallelogram J JS CD will be repre- 
sented by 

5 X 7 or 35, 

which is the product of two of its adjacent sides ; 

or, the area of the parallelogram ABCD = AB x AD 

= 7 X 5 = 35 superficial units. 

Also, from the general principle of the demonstration, 
the same conclusion must hold good if the sides be 
represented hy fractions or irrational quantities, inasmuch 
as the proposition of geometry here made use of has 
reference to quantity and not to number only. 

If the two sides be equal to one another and to 12 
inches or 1 foot, so that ABCD becomes a square : then 
the area of the square ABCD 

= ^5xifD = 12xl2 = 144; 

that is, if the side of a square contain 12 lineal inches, 
its area will comprise 144 superjicial or square inches : or, 
in other words, 1 44 square inches are equal to 1 square 
foot. 

Similarly, 9 square feet are equal to 1 square yard 
and SO^ or 30.25 square yards, to 1 square pole. 

Hence it follows from Euclid, i. S5 and S6^ that the 
area of any parallelogram is expressed by the product of 
the numerical values of its base and altitude. 

205. If the base and altitude of a triangle be repre- 
sented by numerical magnitudes, its area will be nu- 
merically represented by half their product. 

For, let the base ABhe equal to 8 feet and the alti- 
tude CD to 3 feet: 




A D U 

then, bj Bvchiii, i. 37 and 4\, ti^ie wcea olt ^^ xrwccw^^ 
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JBC is equal to half that of the parallelogram whose 
base is AB and whose altitude is CD : whence, 

the area of the triangle ABC = ^ of AB x CD 

= iof (8xS) = iof24 = 12; 
that is to say, if the base and altitude of a triangle be 
equivalent to 8 and 3 lineal units respectively, then will 
its area be represented by 12 superficial units of tlie same 
name ; and it is of no consequence whether the dimen- 
sions be integral, fractional or irrational, as appears from 
Article (204). 

206. If we take the four-sided figure ABCD called 
a Irapezium^ and 




find the numerical value of the diagonal BD and of each 
of the perpendiculars AG and CH let fall upon it from 
the angles A and C, the area of the figure being the sum 
of the areas of the two triangles ABD and BCD^ may be 
ascertained. 

Thus, if by measuring we have found that SD = 5, 
AG = 4 and CH = 1^ lined units ; we shall have 

jthe area of ABCD » the area of ABD + the area of BCD 

^iBDxAG + iBDxCH 

=.K5x4) + ^(5xl.5) 
20 7.5 ,^ ^^^ 

~ 13.75 = 13f superficial units; 

and the same result must evidently have been obtained 
jfperpendiculara had been let £a\\ uipow vSci^ olKer diai^so. 
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nal AC from the angles B and D, because the area of 
the figure cannot have two different magnitudes. * 

Similarly^ the area of any rectilineal figure may be 
found by adding together the areas of the triangles which 
compose it. 

207. Conversely, if the area of a parallelogram or 
of a triangle and either its base or altitude be given^ 
the other of these magnitudes will be obtained by divi" 
sion. 

Also, if the superficial units comprised in the area of 
a square whose side is AB, be 1621; then, 

AB'^U^lz 

from which^ by the extraction of the square root, we have 

AB=^39: 

that is, if the area of a square surface be 1521 superficial 
units, each of its sides will be 39 lineal units. 

Again, an acre, being a parallelogram 40 poles in 
length and 4 poles in breadth containing 4840 s quare 
yards, will be equal to a square whose side = ^^4840 
= 69.57 &c =s 69^ yards, nearly. 



THE THEOBY OF SOLID OR CUBIC MEASURE. 

208. Def. An Unit of solid or cubic measure is a 
cube or rectangular parallelepiped whose lengthy breadth 
and thickness are each equal to the lineal unit ; as the 
solid of represented hereafter, wherein ab - ac ^a adsa 
the lineal unit, denotes the solid or cubic unit : and the 
solid content or volume of any body of three dimen- 
sions will be ascertained by finding what multiple, part 
or parts, it is of this unit, the lineal dimensions or the 
length, breadth and thickness being supposed first to be 
numerically exhibited. * 

209. The numerical representative of the solid Con^ 
tent or Volume of a rectangular parallelepiped is equal 
to the product rf the magnitudes represcnUu^ \U Vwt^V.^ 
breadth and thickness. 
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Let ABFM represent a rectangular parallelepiped 
whereof the length AB=^5, the breadth AC=4i and 
the thickness AD ==3 lineal units, the denominations of 
the dimensions being the same in each : 
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take AH = AK = AL = the lineal unit and complete the 
construction as in the diagram ; then A G will be a 
cube equal to the solid unit a/; and by Euclid, xi. 25, 
we have 

the parallelepiped AF : the parallelepiped AI 

:: tn CD : tn CL :: AD : AL :: 3 : 1; 

and the parallelepiped AF = 3x the parallelepiped AI; 
also, the parallelepiped AI : the parallelepiped AP 

:: °BI : cnBP :: AC : AK :: 4, : 1; 

and the parallelepiped -47=4 x the parallelepiped AP; 
again^ the parallelepiped AP : the parallelepiped A G 

v.^BL i^HL :: AB : AH :: 5:1; 

and the parallelepiped AP^5 x the parallelepiped AG; 

whence, we have the parallelepiped AF 
»= 3 X the parallelepiped AI 
= 3 X 4 X the parallelepiped AP 
r= 3 X 4 X 5 X the parallelepiped AG; 

but the parallelepiped AG being equal to the solid unit 
js represented by 1; consequen\\y,xVieii\xmed^\iiQ^i« 
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tude of tfie rectangular parallelepiped whose three 
contiguous edges are 3, 4 and 5 lineal units will be 
represented by 

3 X 4 X 5 = 60 solid units : 
that is, the content of the parallelepiped ABFM 
^ABxACxAD = 5x4fx3^60. 

If the three edges AB^ AC, AD be \ equal to one 
another and their magnitude be 3 lineal feet or 1 yard^ 
the parallelepiped becomes a cube whose magnitude 
= 3x3x3 = 27 solid feet : that is, 27 solid or cubic feet 
are equal to 1 solid or cubic yard. 

Similarly, 1728 cubic inches are equal to 1 cubic 
foot 

Also, it follows, from Euclid, xi. 31, that the content 
of any parallelepiped is equal to the product of the area 
of its base and its altitude. 

210. Hence may be found the length of an edge 
of the cube which is of equal solid content with any 
proposed parallelepiped. 

Thus, if a parallelepiped be 7 inches in length, 
3i inches in breadth and If inches in depth, its solid 
content will be 

7 X 3J X If = 42j inches : 

whencQ, the edge « ^^421 « ^42.875 « 3,5 = 3} inches. 

In the same manner the altitude of a parallelepiped 
may be found by dividing the solid content by the area 
of the base; and vice versa. 

211. It will not here be necessary to pursue these 
subjects further ; and we shall now only give directions 
for ascertaining the measures of such magnitudes as most 
frequently present themselves to our notice, without 
attempting their investigations, which belong to higher 
departments of Mathematics. 

THE PRACTICE OF LINEAL MEASURE. 

(1) Right-angled Triangle. The 80\jim^ twA. ^^ ^^ 
sum of the squares of the Sidc« iotta\\i% ^^ xvgc*- 
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angle is equal to the Hypotenuse: and the sqnare root 
of the difference of the squares of the hypotenuse and 
either side is equal to the other side. 

(2) Circle. The circumference is equal to the 
product of twice the radius by 3.14159, nearly : and 
the radius is equal to the quotient of the circumference 
by 6.28318, nearly. 

(3) Hence, the Homologous Lines in similar triangles 
and in all circles are proportional. 

Ex. 1. If the base of a triangle be 1, and the per- 
pendicular be 1, the hypotenuse « JIF+V - J2. 

If the base be J 2 and the perpendicular be 1, the 
hypotenuse = J^2-hl = JJ. 

If the base be J 3 and the perpendicular be 1, the 
hypotenuse « ^3+"l'= ^4 « 2. 

If the base be 2 and the perpendicular be 1, the 
hypotenuse = J^ + 1 = J^, and so on: and in all these, 
only approximate arithmetical values of the surds can 
be found by evolution; also, it is worth noticing how 
all the primitive surds successively originate from these 
geometrical considerations, as has been hinted before at 
the end of Article (202). 

Ex. 2. The wheels of a carriage are 2j yards 
asunder and the inner wheel describes the circum- 
ference of a circle whose radius is 20 yards : find the 
difference of the paths of the two wheels. 

The circumference of the inner circle = 3.14159 x 40 : 
the circumference of the outer circle = 3.14159 x 45: 
whence, their difference will evidenUy = 3.14159 x 5 
= 15.70795 yards =15i^ yards, nearly. 

Examples for Practice. 

(1) Required the hypotenuse of a right-angled 
triangle whose sides are 24 and 32 feet 

Answer : 40 feet 

(2) Find the diameter of a rectangle whose sides 
are .2 of an inch and .99 of an inch. 

Answer: 1.01 inches. 
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(3) Find the base of the right-angled triangle, 
-whose other sides are 4 and J^'S. 

Answer: 4>j2. 

(4) If a ladder 103.44 feet long be placed so as 
to reach a window 40 feet high on one side of a street 
and a window 60 feet high on the other side : what is 
the breadth of the street? 

Answer: 180 feet, nearly. 

(5) Of two ships from the same port one has 
sailed 50 leagues due east and the other 84 leagues due 
north : what is their distance from each other ? 

Answer : 97f leagues, nearly. 

(6) A square field has a diagonal path across it, 
measuring 125 yards : find the length of its side. 

Answer: 88.3883 yards, nearly. 

(7) Find the circumference of a circle whose radius 
is 6.3662 yards. 

Answer: 40 yards, nearly. 

r8) If the diameter of the Earth be 7912 miles, find 
the length of a French Metre which is one ten millionth 
part of a fourth part of its circumference. 

Answer : 39.37231584 inches nearly. 

/^N oi. .1. s, 22 333 J 355 

(9) Shew that -~ , —-rr and -— are approxima- 
tions to the known numerical value of the circumference 
of a circle whose diameter is 1, and point out which is 
the nearest. 

THE PRACTICE OF SUPERFICIAL MEASURE. 

(1) Parallelogram. The area is equal to the pro- 
duct of the base and the altitude. 

(2) Triangle. The area is equal to half the product 
of the base and the altitude. 

(3) Triangle. From half the sum of the three sides, 
subtract each side' separately: multiply together the 
half-sum and the three remainders^ and tK^ ^a^«x^ ^^^\. 
of the product will be equal to tVve area* 



(9) Rig 
product of 1 
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(4) Trapezium. The area is equal to half the pro- 
duct of either diagonal and the sum of the perpendi- 
culars let fall upon it from the opposite angles. 

(5) Circle. The area is equal to the square of the 
radius multiplied by 3.14159, nearly. 

(6) Sector, The area is equal to half the product 
of the radius and the subtending arc. 

^7) Ellipse. The area is equal to the product of the 
semi-axes multiplied by 3.14159, nearly. 

(8) Cylinder. The convex surface is equal to the 
product of the circumfercfnce of the base and the alti- 
tude. 

Right Cone. The convex surface is equal to the 

" the circumference of the base and half the 

slant height. 

(10) Sphere. The convex surface is equal to four 
times the area of a circle of the same radius. 

(11) Spherical Segment. The convex surface is 
equal to the product of the circumference of a circle of 
the same radius and the altitude. 

(12) Hence, the Areas of similar figures are as the 
squares of their homologous lineal dimensions. 

Ex. 1. Find the area of a triangle whose sides are 
18, 24 and 30 poles. 

Here, we have according to the directions above, half 
the sum of the three sides = ^ (18 + 24 + 30) a 36 : 
also, 36 - 18 = 18 j 

36 - 24 « 12 > are the three remainders : 
36-30= 6) 

whence, the area = J36 x 18 x 12 x 6 = J4S656 = 2l6 
square poles. 

Ex. 2. If the radius of a circle be 2 feet, find the 
side of the square whose area shall be equal to it. 

The area of the circle =4x3.14159 -12.56636 square 
feet^ nearly : when ce, by Ar ticle (207), the side of Uie 
required square »/^12.56636 = S.54i5 fee^xiearly. 
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Examples for Practice, 

(1) If the sides of a triangle be 16.6, 18.32 and 28.6: 
find its area. 

Answer : 143, nearly. 

(2) If the diagonal of a trapezium be 498 yards 
and the perpendiculars let fall upon it from the oppo- 
site angles be 10.8 and 18.8 yards : what is its area ? 

Answer : 7370.4 yards. 

(3) Each side of a hexagon is 24 feet and the per- 
pendicular upon each side from a certain point within it 
is 12 ^ feet : find its area. 

Answer : 864 Js feet. 

(4) Find the sides of the squares whose areas are 
4970.25 square inches and SS5^ square feet. 

Answers : 70.5 inches and 29f feet. 

(5) How much must be cut ofi^ from a rectangular 
surface 2 J feet broad to make a square yard ? 

Answer : 4 feet. 

(6) If two acres of land be laid out in the form 
of a circle, what is its radius? 

Answer : 55^ yards, nearly. 

(7) Find the radius of a circle whose area is equal 
to that of a square whose side is 5.317 yards. 

Answer: 3 yards, nearly. 

(8) The semiaxes of an ellipse are 25 and 49 : find 
the radius of a circle of equal area. 

Answer : 35, 

(9) The base of a triangle is 14.1 yards and its area 
is 64.86 yards : find its height. 

Answer: 9.2 yards. 

(10) The side of an equilateral triangle is 6 : find 
its area. 

Answer: 15.588, neaiVy, 
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(11) The two equal sides of an isosceles triangle are 
12 feet and the base is 8 feet ; required its area. 

Answer : 45.2548 feet, nearly. 

(12) Compare the area of a circle with the area of 
the square inscribed in it 

Answer: 3.14159 : 2, nearly. 

(13) What is the relation between the area of a 
square and that of the circle inscribed in it ? 

Answer: 4 : 3.14159, nearly. 

(14) Required the area of the sector of a circle 
whose arc and radius are each 2.57 inches. 

Answer : 3.30245 inches. 

(15) The radii of two concentric circles are 10 and 
12 yards : find the space included between them. 

Answer: 1 38.22996 yards, nearly. 

(16) Prove that the convex surface of a right cone 
is found by multiplying together the circumference of 
its base and half its slajit height. 

THE PRACTICE OF SOLID MEASURE. 

(1) Parallelepiped, The content is equal to the area 
of the base multiplied by the altitude. 

(2) Prism and Cylinder. The content is equal to 
the area of the base multiplied by the altitude. 

(3) Pyramid and Cone. The content is equal to 
the area of the base multiplied by one third of the 
altitude. 

(4) Sphere or Globe. The content is equal to the 
cube of the radius multiplied by 4.18879) nearly. 

(5) Hence, the Contents of similar solid bodies are 
as the cubes of Uieir homologous lineal dimensions. 

Ex. 1. Required the depth of a parallelepiped 29l 
long and 44^ broad, so that its content shall be equal 
to that of a cube whose edge-is 89. 

Here, the area of the base of the parallelepiped 
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whence^ the depth of the parallelepiped 

£x. 2. The content of a cylinder is equal to the sum 
of the contents of a cone and hemisphere having the 
same base and altitude. 

Taking 1 to represent the radius of the hemisphere^ 
we shall have immediately from the directions con- 
tained in the last page : 

the content of the hemisphere = 2.09439, nearly : 
the content of the cone « 1.04719, nearly: 
the content of the cylinder- 3.14159, nearly: 
whence, we find the sum of the itvo former 

= 3.14158 nearly, which is the last very nearly: 
and this would have been an exact equality were it not 
for the circumstance of each of the contents being only 
an approximation to its true value. 

Examples for Practice. 

(1) Each'edge of the base of a square prism is 34 
inches and its height is \St^ feet: find its content. 

Answer: 99 feet, 1172 in. 

(2) What weight of water will a cistern contain, the 
length being 4 ft, the breadth 2 ft 6 in. and the depth 
SfL S in. when a cubic foot of water weighs 1000 ounces? 

Answer: 32500 ounces. 

(3) A rectangular cistern whose length is 9| feet and 
breadth is 6 feet contains 294^ cubic feet: find its depth. 

Answer : 5^^ feet 

(4) What length of a cylindrical stone roller 18 
inches in diameter, must be taken to make 14.137155 
solid feet? 

Answer: 2 feet 

(5) The sides of the base of a triangular pyramid 
are 3, 4 and 5 feet and its altitude is 6 feet : find its 
^id content 

Answer : 1^ £e«(t* 



210 THE COMPUTATIONS OF ARTIFICERS. 

(6) The solid content of a sphere is two thirds of 
that of its circumscribed cylinder. 

(7) A right cone, hemisphere and cylinder of the 
same base and altitude are as the numbers 1^ 2, 3, 

(8) A sphere is equal to a cone whose height is 
equal to the radius and whose base is equal to the 
area of four great circles of the sphere. 

THE COMPUTATIONS OF AKTIFICERS. 

212. Def. Artificers take the dimensions of their 
work in yards^ feet^ inches, parts, SfC, : and it is usual 
to reduce the yards to feet so that the different denomi- 
nations are aU connected by the same number 12, or 
decrease in a twelvefold ratio, from the place of feet 
towards the right hand. For the sake of uniformity, 
the denominations after feet are termed primes, seconds, 
thirds^ ^c^ distinguished respectively by accents ', ", '", 
&c., placed a little to the right, contiguous to the figures 
to which they belong : thus, 20 feet, 8 inches, 5 parts, 
&c., is written 20^. 8'. 5". &c. 

The operation employed to compute superficial and 
solid contents is that of Multiplication, conducted by 
means of a mixed Decimal and Duodecimal scale of 
Notation ; the figures of the feet being expressed and 
multiplied in the ordinary way, whilst in the other 
places the number 12 is always made use of instead of 
10. The denomination on the lefl hand of the multi- 
plier is used first, those of the multiplicand being taken 
as in other cases ; then the next In order, and so on : and 
for the reason that we put the first figure o£ a partial pro- 
duct one place to the left of that of the preceding one 
when we begin with the least denomination of the mul- 
tiplier, the terms of the product here must each be put 
one place to the right of those of the preceding, in order 
to possess their proper relative values : and the addition 
is effected by beginning with the lowest denomination, as 
in compound quantities. 

From the circumstance above mentioned, the process 

is sometimes called Cross Multiplication ; and it is also 

frequently termed Duodecimal Multiplication or DuodecU 

ma/s: but these latter names are evVd^wxX^ m\«»:^'^\\«,d« 
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because the different digits of the various denominations 
are not connected with each other by the number 12 
though the denominations themselves are. The prac- 
tical applications of the rule will be best taught by 
examples. 

Ex. 1. Find the area of a rectangular parallelogram 
whose adjacent sides are 5 ft. 3in. and 4ft. 9in. (See 
fig. p. 198.) 

Here, AB^5^. 3' and ^D = 4/ . 9' : 

whence, the area = fi'' . 3' x 4-^ . 9' : and the multiph'cation 
is effected in the foUowingybrm ; 

5^. 3' =length: 

4 . 9 = breadth: 



21 . « product by 4'': 
3 . 11 . 3 =productby 9' = ^2^/: 
24'. 11'. 3"= area: 



and precisely as in a product in the common scale of 
notation, the denomination of 11' is a twetflh part of a 
square foot, which is called a superficial prime: that of 3" 
is a twelfth part of a superficial prime, termed a super- 
ficial second : and so on, if there were more terms : so 
that the area expressed in square Jeet is 

^* "** i^ ■*■ 144 "^ ^* '**lll'" ^* ®^' ^^^^ ^^^ ®^* inches. 

Thi3 result may easily be verified by either Vulgar 

Fractions or Decimals : thus, 

21 19 S()() 
by Vulgar Fractions, the area = 5} x 4f « -7- x --- = -j-^ 

« 24jf =24j|f sq. feet, as above: 

by Decimals, the area = 5.25 x 4.75 « 24.9375 

— 24 sq. feet 135 sq. inches, as before. 

Ex. 2. Required the area of a «a\x«c^ ^Vosfc «Afc\^ 
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The operation here requisite will be the following : 



T-^. 8'. 9" 
7.8.9 

54 . 1 . 3 
5 . 1 . 10 . 
5.9. 



6 .9 


59^. 8'. 10''. 


&". 9"" 



or, the area is 59 feet, 8 primes, 10 seconds, 6 thirds 
and 9 fourths, all superficial measure: and expressed 
in square feet, it will be 

50 -i -H .A_ 9 ^ 15345 ^ 1705 
•^ ■*■ 12 "** 144 "*■ 1728 ■*■ 20736 ' ^20736 ^ 2304 

square feet: and the square inches, square parts, &c., 
might be found by the ordinary reductions. 

Ex. 3. Find the content of a rectangular parallele- 
piped whose lineal dimensions are 5fL 6 in., 4 ft. 5 in. and 
3ft. 4 in. (See fig. p. 202.) 

Here, ^jB = 5ft. 6in., ^C = 4ft. 5 in., AB^Z^. 4 in.: 
and we have the following operation : 

5-^. & 
4 . 5 
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3 . 
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72 . 


10 . 
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80-^. 


11'. 


8". 


0'" 



or, the content is 80 solid feet, 11 solid primes and 8 solid 
seconds, which expressed in solid feet is 

o^ 11 8 ^^140 «^1680 

80 + — + = 80 = 80 

12 144 144 1728 

-80 solid feet, l6S0 solid indies. 
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Ex. 4. Required the capacity of a cube the length 
of whose edge is 2 feet 9 inches. 

The capacity = 2^. 9' x 2^. 9' x 2^. 9' = 7-^ . 6' . 9" x 2^. 9' 

= 20'.9'.6".9'"-20 + -^ + — + -^ = 20^^ cubic 
^yr.^ u .y 12 144 1728 1728 

feet = 20 cubic feet 1377 cubic inches; and it may easily 
be verified by vulgar fractions or decimals. 

213. The method of computation just explained is 
exceedingly simple and well adapted to the use of Work- 
men. The reverse operations of division and evolution 
are not oflen required by them, and though they might 
be conducted on the same plan, it will be much easier 
to express the quantities /rac/iona% or decimally, and 
then to proceed according to the ordinary methods. 

The Prices of Artificers' work, being at so much per 
foot, yard, (&c., may be calculated by the Rule of Pro^ 
portion or by the Rules of Practice. 

Examples for Practice. 

(1) Multiply 14ft. 6in. by 12ft. 7in. 
Answer : 182-^. 5'. 6" = 1 82 sq. ft. 66 sq. in. 

(2) Multiply 25ft. 7in. by 7ft. lOin. 
Answer : 20(K. 4'. 10" = 200 sq. ft. 58 sq. in. 

(3) Multiply l6ft. 5in.. by 12ft. llin. 
Answer : 212^. 7"= 212 sq. ft. 7 sq. in. 

(4) Multiply IK 11' by 2^. 3'. 4". 

Answer : 2/. 1'. 8''. 8'". 

(5) Multiply 9^. 4'. 7" by 5^. &. 4". 

Answer : 51-^. 10'. 4". 0"'. 4"". 



(6) Multiply 17'. 3'. 4" by 19^. 5'. 11". 

Answer : 336^. 9'. 6". 8'". 8"". 

(7) Multiply lO'. 3". 4'" by 5'. 0". 6'". 

Answer : 4'. 3". 9"'. 9^ 8^ 

(8) Multiply 13^. 2'. 6" by l'. 9". \0'". 

Answer:^. V'M""- < 
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(9) Find the square yards, &c., in a plane rectangular 
surface 15ft. 5in. long and 9fl. lOin. broad. 

Answer: l6yds. 7ft 86in. 

(10) How many squares of 100 feet are contained 
in a floor 19yds. din. long and 9y^^' 1^- 6in. broad? 

Answer: l6sq. 31 ft. 90in. 

(11) Find the cost of a slab 5ft 7in. long and 3ft. 
Sin. broad^ at 3s. per square foot 

Answer: £3.ls.5d. 

(12) Required the price of the carpet of a room 
18f. 6in. long and 14ft. 3in. broad, at 5s. per square 
yard. 

Answer : £7. 6s. 5^. 

(13) What is the value of a piece of building ground 
34ft. 9in. by 26ft. 4in.« at 1^. per square foot? 

Answer: £45. 15*. id. 

(14) How many square feet of paper will cover the 
walls of a room which is 20ft. lOin. long, l6ft. broad and 
10ft 9in. high? 

Answer: 791 sq. ft 132 sq. in. 

(15) Find the whole surface of a room 22ft 5in. 
long, 18ft 4iii. broad and lift 8in. high. 

Answer : 1772 sq. ft. 112 sq. in. 

(16) How many square rods of 272^ feet are there 
in a rectangular piece of bricklayer's work whose dimen- 
sions are 15ft. and 68ft. 9"? 

Answer : 3f sq. rods. 

(1 7) Find the area of a triangle whose three sides 
are 2ft 3in., 3ft. and Sft. 9in. 

Answer : 3 sq. ft. 54 sq. in. 

(18) Determine the volume of a cube whose edge is 
3ft. lOin. in length. 

Answer : 56 solid ft. 568 solid in. 

(19) Find the capacity of a rectangular cistern whose 
dimensiona are 4ft; 6m., 5ft 7in« and oft. 8 in. 

Answer : 167^ cubic tee!t. 
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(20) The area of the base of a parallelepiped is 
124ft. 28iii. and its altitude is 8(t 4in.: find its content 
in feet and inches. 

Answer: 1034ft. l648iu, 

(21) A parallelepiped contains Qiift 2S5in. and the 
area of its base is 24ft. 5in. : find its altitude. 

Answer: 3ft 11 m. 

(22) Find the numbers of feet and inches in the side 
of a square whose area is 1122ft. 36in. 

Answer : 3$ ft. 6m, . 

(23) Find the edge of a cube which contains 15 solid 
feet and 1080 solid inches. 

Answer: 2ft 6in. 

(24) The area of one side of a cube is 12-^. 3'; find 
its capacity. 

Answer: 42 cubic ft. 1512 cubic in. 

(25) Divide 1532^. 9'. 9" superficial measure by 
81-^. 9' linc^ measure. 

Answer: 18ft. 9in. 

(26^ How much iii len^^th that is 1ft:. 2in. broad and 
l^in. tnick^ will make a solid foot? 

Answer: 6ft. lOfin. 

(27) A gardener has a piece of matting 73yd8. If. Sin. 
long and 3ft. 9in. broad^ to coveir a wall 94ft. long and 
10ft. high : how much of the wall will be left un- 
covered ? 

Answer: 112ift;. 

(28) On laying down a plot of ground with sods 
2ft. 6in. long and 9in. wide^ it is found that it requires 
75 sods to form one strip extending its whole lengthy and 
that a man can lay down 1^ strips each day: find the 
surface covered in 8 days. 

Answer: 1406iftu 

(29) The roller used for a bowling-green bein^ 
6ft..6in.^in circumference and ait. Svcl. Vxv '«W>ia>> S^^ 
observed to make 12 revolutions {torn oue cxXxewi'vN.i <2>^ 
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the green to the other : find the area rolled, when the 
roller has passed 10 times the length of it. 
Answer: 195yds. 

(30) A reservoir is 24ft. Sin. long and 12ft. gin. 
wide : how many cubic feet of water must be drawn off 
to make the surface sink 1 foot? 

Answer: 314^ft. ' 

(81) If a cubical block of stone contain 14706ft. 21 6in.: 
find the length of all its edges^ and the area of all its 
faces. 

Answers: 294ft. and SGOl^ft. 

THE COMPUTATIONS OF GAGERS. 

214. Dep. The dimensions made use of by Gasers 
are taken in inches and parts of an inch expressed deci- 
mally : and from them, the contents of cisterns^ malt-bins^ 
&c., are computed by such rules as have been already 
laid down^ and they will therefore be expressed in cubic 
inches and their decimal parts. 

215. Liquids are always estimated by the imperial 
Gallon which is equal to 277.274 cubic inches : and there- 
fore, when the content of a vessel has been ascertained in 
cubic inches, the number of gallons it contains will be 
found by dividing it by 277*274. 

Ex. What number of gallons are contained in a cis- 
tern whose length is 40 inches, breadth 24 inches and 
depth 1 6 inches? 

Here, the content = 40 x 24 x 16 = 15S60 cubic inches: 

whence, the number of gallons = - 

^ 277.274 

= 55.3964! &c. gals. = 55gals. Iqt Ipt, nearly. 

216. Malt, Corn, &c., are always estimated by the 
imperial Bushel consisting of 2218.192 cubic inches ; and 
the number of bushels will be obtained by dividing the 
content, ascertained as before, by 2218.192. 

Ex. If a circular room 5 feet in radius, be filled 
with malt to the depth of 6 inches : find the number of 
bushels it contains. 

Here, the content = 3.141 59 x 60* x 6 • 

= 67858,344 cubic iiie\ke%\ 
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, ^, , , 67858.344 
and the number of bushels - -^Trr^-TT^ 

= 30.5917 &c bush. « 30 bush. 2 J pks., nearly. 

Whenever the depth is an inch, the content of any 
upright vessel or cistern is expressed by the area of its . 
surface : and in this sense the term surface is used in 

gaging- 

Examples for Practice. 

(1) How many gallons are contained in a cubic foot? 

Answer : 6,232 gallons^ ne^ly. 

(2) The length of a cistern is I69 inches and the 
breadth is 125 inches : how many gallons does it contain, 
the liquor being 4 inches deep.^ 

Answer : 304.752 gallons, nearly. 

(3) If the interior edge of a cubical vessel be 1 ft. 
3in., how many imperial gallons will it hold ? 

Answer : 12.172 gallons, nearly. 

(4) What is the content of a cylindrical vessel, the 
radius of whose base is 20 inches and height 54 inches ? 

Answer : 244.733 gallons, nearly. 

(5) What number of bushels are contained in the 
space of a cubic yard? 

Answer : 21.033 bushels, nearly. 

(6) How many bushels of malt are there on a floor 
5^ feet by 4 feet, when its depth is 14 inches? 

Answer : 20 bushels, nearly. 

(7) If the exterior dimensions of a closed rectangular 
bin be 3ft. 5in., 2ft. 4in. and 1ft. 3in., find the quantity 
of malt it will contain, if the thickness of the material 
of the bin be lin. 

Answer : 6.8 16 bushels, nearly. 

(8) The diameter of the base of a standard bushel 
measure is 18.789 inches: find its height. 

Answer : 8 inches, nearly. 

The practical calculations of Excisemen are ^^«s^^ 
facilitated by means of an instruxaenX. csiSXe^ «b. StxAKin^ 
Rule and by Tables containing l3^« -pxoi^et tqx^'w^'^'^^^ 
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and divisors for Squares, Circles y &c., which may be seen 
in any work treating expressly upon the subject. 

THE COMPUTATIONS OF LAND-SURVEYORS. 

218. Dep. The dimensions of land or of any surface 
of considerable extent, are taken by means of Gunter's 
Chain which is Af poles or 22 yards in length and is divided 
into 100 equal parts called Links. 

219. Since an acre is equal to a parallelogram, 40 
poles or 10 chains in length and 4? poles or 1 chain in 
breadth, it will contain 1000 x 100 = 1 00000 square links ; 
and therefore, if the lineal dimensions be expressed in 
links and the superficial contents be found, these results 
when divided by 100000 or with ^ve figures cut off 
towards the right hand, will be the numbers of acres. 

A lineal pole being 5^ yards or 25 links, the magni- 
tude of a square pole will be 

5^ ^5^ = 30\ sq. yards ; or, 25 x 25 = 625 sq. links : 
so that a pole = 625 sq. links or = 30.25 sq. yds. : 
a rood = 25000 sq. links or = 1210 sq. yds. : 
an acre = 100000 sq. links or =4840 sq. yds. 
Hence also, the magnitude of a square mile 
= 1760 X 1760 = SO976OO sq. yds. = 640 acres. 

Ex. The length of a rectangular field being 25 
chains 8 links and its breadth 14 chains 75 links : what 
number of acres does it contain ? 

Here, 25 chains 8 links = 2508 links, 
14. . . 75 . . . =1 475 . . ., 

12540 
175 56 
10032 
2 5 08 



acres 3 6-99300 
4 



roods 3.9 7 2 00 
40 



poles 3 8.8 B 
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and therefore the field comprises S6ac. 3 to. 38||po. 

Hence also, if the length of a field containing 36 ac. 
3 ro. 38|f po. be 25 chains 8 links, its breadth will be 
found by reversing the operation upon these magnitudes 
when expressed in links : thus, 

the breadth = ~^^~= 1475 links = 14 chains 75 links. 
2508 

Examples for Prctctice, • 

(O Find the area of a square field whose side is 
10^ cnains. 

Answer : 1 1 ac. 4 po. 

(2) The base of a triangular field is l6 chains 3 
poles and its perpendicular is 6 chains 2 poles : what 
number of acres does it contain ? 

Answer : 5 ac. 1 ro. Si po. 

(3) The sides of a triangular field are 380, 420 and 
765 yards : how many acres are contained in it } 

Answer: 9ac. 38 po., nearly. 

(4) The diagonal of a trapezium is 5\ chains and 
the perpendiculars upon it from the opposite angles are 
3 and 2^ chains: find its area. 

Answer : 1 ac. 1 ro. 31 po. 

(5) A field in the form of an ellipse has its greatest 
and least diameters equal to 7 and 5 chains : find how 
many acres there are in each of the parts into which 
they divide it. 

Answer : 2 ro. 30 po., nearly. 

(6) One acre of land is to be cut from a rect- 
angular field whose breadth is 2 chains 50 links, by a 
line parallel to it : find the length of the plot. 

Answer : 4 chains. 

(7) What is the length of the side of a square field 
comprising 2 acres 4 poles } 

Answer : 4i cYiaitia, 



220 IMPERIAL WEIGHTS AND MEASURUtf. 

(8) The base of a triangular field is 11.31S70a 
chains : find the length of the line parallel to the base, 
which divides it into two equal parts. 

Answer: 8 chains. 

(9) A square field contains 40 acres : determine the 
number of chains in its circuit. Find the area of a 
field of the same circuit, whose breadth is ?ths of its 
length. 

• Answers: 80ch. and S3ac. 2ro. l6po. 

(10) A foot-path of uniform breadth around a cir- 
cular field contains as much as ^ths of the field : compare 
the breadth of the path with the radius of the field. 

Answer: 1:4. 

IMPERIAL WEIGHTS AND MEASURES. 

220. The Weights and Measures made use of in this 
Kingdom having from length of time become subject to 
certain irregularities, in addition to the want of uni- 
formity which generally prevailed in them, and the Stand" 
ard Weights and Measures being at best but vaguely 
defined, the subject was at length laid before a Board of 
Commissioners: and, in accordance with a report fur- 
nished by them. An Act of Parliament which came inta 
operation on the first of January 18^6 was passed, esta- 
blishing an uniform System of Imperial JVeigkts and 
Measures^ the leading features of wnich we shall now 
endeavour to place before the reader. 

22L Def. The Standard of Lineal Measure is a rod 
or beam whose length is called aiyard which is equivalent 
to Sfeet or 36 inches : and the Standard Square and Cubic, 
Measures will therefore depend entirely upon it, as has 
been seen in the preceding pages. 

At present we have no means of ascertaining why this 
particular length was originally fixed upon ; but as it is 
most essential that it should sdways remain the same, it 
will be found convenient to refer it to something else 
which we have no reason to suppose ever undergoes any 
change. 

Now the length of a Pendulum vibrating seconds oi> 
performing 86400 o^ctUations in xhe m\.«\al between 
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the Sun's leaving the meridian of a place and returning 
to it again, is always the same at a ^ed place and under 
the same circumstances : and if this length be divided into 
S91392 equal parts, the yard is defined to be S6OOOO 
of these parts : also, conversely, since a yard is equal to 
S6 inches, it follows that the length of the seconds' pen- 
dulum expressed in inches is 39.1392. 

The pendulum referred to in this country is one 
vibrating seconds at Greenwich or in London at the level 
of the sea in a non-resisiing medium : and should the 
standard yard at any time be lost, it would be easy to 
have recourse to experiment for its recovery. 

The standard yard being the general Unit of lineal 
measure, it follows that all lengths less than a yard will be 
expressed hy fractions : and it is on this account that a 
lineal Inch or ten thousand of the aforesaid portions 
of the pendulum is conveniently adopted as the unit of 
lineal measure when applied to small magnitudes. 

Hence also, the standard superficial and solid mea« 
sures will be accurately ascertained and kept correct. 

222. Def. The Imperial Gallon is the standard unit 
of the measure of capacity, and is denned to be 277.274 
cubic inches, the lineal inch being that above determined. 
The gallon and its multiples and parts are used to mea« 
9ure liquidsy as Water, Spirits, &c., and dry goods^ as 
Malt, Com, &c., and the system is termed The Imperial 
Liquor and Dry Measure. 

The Imperial Bushel consisting of eight gallons will 
consequently be 2218.192 cubic inches, and the ybrm of 
the measure is defined by Act of Parliament : it is to be 
an upright cylinder whose internal diameter is 18.789 
inches and depth 8 inches : but this can be of no import^ 
ance when heaped measures are abolished. 

The Act of Parliament directs that the Heaped Itn^ 
pericU Bushel shall be an upright cylinder whose aiameter 
is not less than trvice its depth, and that the height of the 
conical heap shall be at least three fourths of the depth, 
the boundary of its base being the outside of the measure : 
also,, in heaped measure it is ordered that 

3 Bushels make 1 Sack, 

12 Sacks 1 Chaldron: 

and the bushel is to be equal to ^B\5A%^1 cx3^d\rVkv^«»^ 
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223. Dep. The Imperial Pound Avoirdupois, which 
18 the standard unit by means of which all heavy goods of 
large masses are weighed is d^ned to be the weight of 
one tenth part of an imperial gallon or of 27*7274 cubic 
inches of distilled water, ascertained at a time when the 
barometer stands at *S(f and the height of Fahrenheit's 
thermometer is 62*. 

If the weight of a cubic inch of distilled water be 
divided into 505 equal parts and each of such parts be 
defined to be a Half Grain^ it follows that 27.7274 cubic 
inches contain very nearly 7000 such grains ; and it is 
declared by Act of Parliament that 7000 Grains exactly 
shall be considered as the Pound Avoirdupois, so that ac- 
cording to the Table^ loz. = 4S74grs. and Idr. r= 27Jigrs. 

A cubic foot of pure water, at a temperature 60\ 
weighs very nearly 1000 ounces ; and for practical pur-- 
poses, this fact should be remembered. 

This weight receives its name from Avoirs the ancient 
name for goods or chattels and Poids signifying weight, 
in the language of the country at the time of the Normans. 

224. Dep. The Imperial Pound Troy is defined to be 
5760 grains determined as in the last Article : and this 
weight, we are told in the " Report of the Commissioners 
of Weights and Measures/' is retained, because all the 
Coinage has been xmiformly regulated by it and all 
Medical Prescriptions or Formula! now are and always 
JiaVe been estimated by Troy Weight, under a peculiar 
subdivision which the College of Physicians are most 
anxious to preserve. 

It is also stated that there are reasons to believe that 
the word Troy has been derived from the Monkish name 
o€ Troy^novant, given to London, founded on the Legend 
of Brute, which is mentioned by some of the old English 
writers. The story avers that BrtUc a lineal descendant 
of Mneas about the year of the world 2855 founded the 
city of London f then called Trinovantum, which was 
afterwards corrupted into Trenovant or Troy-^novant. 



225. Hence, lib. avoirdupois : lib. troy :: 7000 : 

175, 
144 



175 
^760, or as 175 : 144; thus, lib, avoirdupois = -— lbs. 
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144 
troy= 14oz. lldwts. I6grs. troy, and lib. troy = -— lbs, 

175 

avoirdupois = 13oz. S^drs. : and the subdivisions of 

each pound are easily compared. 

226. Dep. The Unit of Angular Measure is called 
a Degree and is written or marked 1® : thus, 

C 




if the right angle BAC be supposed to be divided into 
90 equal parts> each of them is called a degree and is 
considered to be the angular unit : and if the angle BAP 
be equal to any assigned number of such parts^ as for 
instance 45, this angle will be 45° on the same scale that 
the right angle BAC is 90° : and thus the magnitudes of 
two or more angles may be compared. 

If with the angular point ^ as a centre and any as- 
sumed radius AB, a circle be described and the diameters 
BAD, CAB be drawn at right angles to each other, di- 
viding the circumference into four equal parts, JBC, CD, 
DE, EB called Quadrants; then by Euclid vi. SS, the 
arcs BCt BP have the same ratio to each other as the 
angles BAC^ BAP which they respectively subtend; 
and it is on this principle that a quadrantal arc is 
said to contain 90 degrees and therefore the whole cir- 
cumference to be equal to 360 degrees ; and although 
an angle and an arc being heterogeneous magnitudes 
cannot have the same unit of measure, it is clear that the 
division of the right angle into 90 equal portions of 
angular measure will correspond to the division of the 
quadrantal arc into 90 equal portions of lineal measure. 

Thus, an angle and its subtending arc being pro* 
poHional to each other will be connected by an in» 
variable factor when the radius is given^ so that exlKer cSL 
them being known, the other may be 8Acet\ic«i&^« 
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That IS, if the radius of the circle be the lineal unit^ 
the circumference =6.28318, nearly, by Article (211) : 

and therefore the quadrantal arc = 1.57079, nearly : 

whence, we have z BAG : z BAP :: arc BC : arc BP, 

or^. BAP^.BAC.^^/^ 
90^ 



X arc BPy nearly. 



1.57079 
= 57''. 2957795 X arc JBP, nearly : 

and therefore the magnitude of the / BAP is found by 
multiplying 57^.2957795 by the number of lineal units 
contained in the corresponding arc : 

also, 57'.2957795 = 57*^ . 17' • 44". 48'", nearly, 

must consequently be regarded as the unit of angular mea- 
surie in all cases where an angle is to be determined by 
means of the number of lineal units in its arc, or, which 
is the same thing, by the number of radii to which its 
arc is considered equivalent* 

THE CALENDAE. 

227. Dbf. The interval of time between two pas- 
sages of the Sun across the Meridian of any place when 
taken at its mean magnitude, is termed a Dai/ or a Mean 
Solar Day, which is supposed to be divided into 24 equal 
portions called Mean Solar Hours. It appears from 
the observations and calculations of Astronomers that 
the time between the Sun's leaving a fixed point in his 
path called the Ecliptic and returning to it again, con- 
sists of 365.242264 such days or of 365 days, 5 hours, 
48 minutes, 51 f seconds, very nearly, which is therefore 
termed a Solar Year : and thus the solar year, as here 
defined, does not consist of an exact number of solar 
days but is always expressed in days by a fractional 
quantity. 

For the purposes of civil life it would be exceedingly 
inconvenient that one year should commence at one time 
of the day and another at a different time : and this cir- 
cumstance gave rise to the invention of the Civil Year 
wbicb the next thjree Articles wiU. eiL^laiti* 
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228. When the Science of Astronomy was much less 
perfect than it is at present, the length of the solar year 
was much less accurately known; and accordingly we 
find that in the time of Julius Ccesar it was supposed to 
consist of 365 days 6 hours, or of 365\ days, exactly. On 
this supposition, it is evident that if out oi four years in 
succession, any three consisted of S65 days each and the 
remaining one of S66 days, the Sun would have returned 
at the end of these four years to the place in the echptic 
which it occupied at their commencement. 

The scheme was called the Julian Calendar ; and if 
the hypothesis had been correct it would have been 
attended with much convenience : the additional day was 
made by repeating the Sixth of the Calends of March in 
the Roman Calendar, which corresponds with the 24th 
of February in ours : also, the year in which it was 
inserted was termed Bissextile and the additional day 
was called Intercalary^ 

This regulation applied to the years of the Christian 
Mra^ was so managed tiiat whenever the number of 
years was divisible by 4, the corresponding year consisted 
of S66 days and was called Leap-year^ the month of 
February having 29 days in that year and in each of the 
remaining three years 28 days, without interfering at all 
with their order. 

Hence also, the remainder after the division of any 
other number of years by 4, was the number of years 
since a leap-year occurred up to that year : thus, in the 
year 1849 this remainder is 1 ; and accordingly it is 1 
year since the last leap-year happened and it is 3 years 
before the next will occur, according to this scheme. 

229. Since the true solar year is 365.242264 days, 
and not 365.25 days, it is evident that tlie reckoning 
of time according to the Julian Calendar would place 
the end of the year after the time when the Sun had 
returned to the point of the ecliptic occupied by it at the 
beginning of the year and consequently in advance of the 
course of the seasons: 

but, the error in one year is 

S65Ji5 - 365.242264 = .007736 of a day : 
whence, by finding how often thva \tt coxiXaMafcVvptV ^a?5» 



THE CALENDAR. 

-^3^ = 129.2657, nearly. 

ivill be the number of years in whidi the error amounts 
to 1 day : also, by the rule of proportion, we have 

129.2657yrs. : 400yrs. :: iday : d.094>4days, nearly : 

and therefore 3.0944days or 3 days, 2 hours, l6minutes, 
is very nearly the error which would accumulate in 
400 years. 

Now, according to the Julian Calendar 400 years 
would comprise 100 leap-years; and since we find that 
this reckoning falls nearly 3 days after the true time, 
if there were only 97 leap-years in 400 years, the Julian 
year would very nearly agree with the true solar year ; 
and it is accordingly ordained that whenever the ittint- 
hers expressing the Centuries, as l6, 17> 18, 19, &c., 
denoting l600, 1700, 1800, 190O, &c., are not divisible 
by 4, the corresponding year shall not be a leap-year, 
although according to the Julian Computation it would: 
as, 1600 would be a leap-year, but 1700, 1800, I90O, 
would not. 

The Calendar thus corrected, though not absolutely 
accurate, is weU adapted to every practical purpose, as 
the error in 5000 years will not amount to much more 
than twenty-eight hours. This correction was first pro- 
mulgated m Europe by Pope Gregory in the year 1582, 
and the calendar has since been called the Gregorian 
Calendar, but it was not introduced into Protestant Coun^ 
tries till a much later period. In England it was adopted 
on the second day of September 1752 when the error 
amounted to 11 days: and it is called the New Style to 
distinguish it from the Julian Calendar which is now 
termed the Old Style. 

Had the old style continued, the error would now 
have been 12 days, because 1800 would according to it 
have been a leap-year which in the new it was not : and 
thus, we have in Almanacks, Old Christmas-day^ Old 
Midsummer-day^ &C.9 taking place twelve days afler the 
times in which they are fixed by our present system. 

Than A all the calculations of modern times are 
conducted according to the ne^ %tj\e) a VLxvoT^lad^ of 
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the difference of the two styles is not without its use 
both in the Perusal of old Documents, and in the Astro- 
nomical Verification of Historical Facts which could not 
be performed without it. 

230. The civil year thus fixed and determined is 
then subdivided into twelve Calendar Months, as de- 
scribed in the Table. The word Month however is 
used in different senses : sometimes to denote a twelfth 
part of the year or SO^ days ; sometimes as equivalent 
to 4 weeks or S8 days : and accordingly a year is equi- 
valent to 13 months and 1 day, or, to 52 weeks and 
1 day, with the addition of anotiier day when it happens 
to be leap year. 
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231. In consequence of the irregularity in the mea- 
sures and multiples of all the units just mentioned, it is 
evident that the calculation of measures and weights will 
be much less simple, particularly to Foreigners^ than if 
they were connected by some Qoxaraon factor ; and it was 
with the view of obviating this inconvenience, that a 
New System of measures and weights has been adopted 
in France, 

232.. In this system, the length of the Terrestrial 
Arc from the Equator to the Pole in the Meridian of 
Paris is taken as the General Standard; and the fol- 
lowing Synopsis of French Measures exhibits them as 
compared with the standards of this country. 



Millimetre . 
Centimetre . 
Decimetre . 
Metre . . 
Decametre . 
Hectometre . 
Kilometre • 
Myriometre, • 



. Lineal Measure. 

= .03937 English Lineal Inches: 

= .39370 ........ 

= 3.9370 

= 39.370 

= 393.70 

^ 3937.0 

= 39370 ........ 

= 393700 
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Superficial Measure. 
Are . • ♦ .= 119.5991 English Superficial Yards: 

Decare . . .=1195.991 

Hectare. . .=11959.91 

Solid Measure. 
Decistere . . =3.5315 English Solid Feet: 

Stere . • • . '^35,315 

Decastere . . ^353,15 

Measure of Capacity. 

Millilitre . .= .06102 English Cubic Inches : 

Centilitre . . = .6X024 

Decilitre . . = 6.1024 

Litre ...» 61.024 

Decalitre . • » 6X0.24 

Hectolitre . . = 6X02.4 

Kilolitre ..= 61024 

Myriolitre . . = 610238 

Here, the Metre or one ten milUonik part of the Ter- 
restrial Arc is the Element of lineal measure ; the Are or 
Square Decametre, that of superficial measure ; the Stere 
or Solid Metre, that of solid measure, and the Litre or 
Cubic Decimetre, that of the measure of capacity. 



233. The weights in this 
English grains, are 

Milligramme . 



Centigramme . 
Decigramme . 
Gramme . , 
Decagramme . 
Hectogramme. 
Kilogramme . 
Mjrriogramme. 



.015432 
.154326 
1.54326 
15.4326 
154.326 
1543.26 
15432.6 
154326 



system expressed in 
• English Grains : 



Here the Gramme is the Element^ being the weight 
of a cubic Centimetre of distilled water. 
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234. The angular Measures in the same system 
expressed in English Degrees are as follow : 

Second . . . « .00009 English degrees : 

Minute , , . « .009 

Grade . . . = .9 

Here, 100 Grades are consequently equivalent to QO 
Degrees in the English scale : and in the inferior deno- 
minations, the Centesimal scale is uniformly used by 
the French where the English proceed according to the 
Sexagesimal scale. 

235. The unit of value in France is a silver coin 
called a Franc consisting of ^ths of pure silver and ^th 
of alloy : and its subdivisions are as follow : 

10 Centimes = 1 Decime : 
10 Decimes » 1 Franc. 

The value of an English pound sterling is equivalent 
to that of 25.2 francs, very nearly : and thus, the value 
of a franc expressed in English money is 

240 

— --.9.52S8(f., or 9^d.^ very nearly. 

236. Wherever this system is used, the Theory of 
Decimals as laid down in the fifth Chapter will be suffi- 
cient for performing all the fundamental operations of 
Arithmetic, entirely superseding what has been done in 
the second Chapter of this work. 

The Student who may be desirous of prosecuting his 
inquiries in this important subject is referred to the 
Articles, Weights and Measures in Barlow's Mathema* 
tical and Phuosophical Dictionar^^ and to the last edition 
of Dr Kelly's Universal Cambist. 

PEOBLEMS. 

237* We will conclude the Application of Arithmetic 
to Geometry with the consideration of a few Problems, 
in the solutions of which the Principles explained in this 
chapter are generally taken for granted. 

(1) If two persons A and B start at the aajcoft \xxsa 
from. two towns C and B distant 800 TQA\e% feooi^ «w^ 
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Other : when and where will they meet, if they travel at 
the respective rates of 7 and 8 miles an hour? 

Since the rate or velocity of -4 is 7 miles an hour, and 
the rate or velocity of B is 8 miles an hour, therefore 

7 + 8 = 15 miles . 

is the distance by which they approach each other in I 
hour^ or their relative velocity : hence we have 

15 mi. : 300 mi. :: 1 hr. : 20hrs.; 

or, 20hrs. is the time in which they approach 300 miles 
towards each other and therefore meet: whence the 
required time is expressed by the whole distance divided 
by the sum of their velocities or rates per hour. 

Also, 7 X 20 si 40 miles is the distance travelled by Ay 
and 8 X 20 = 1 60 miles is the distance travelled by B : 

and they meet at 140 and l60 miles from C and D 
respectively. 

Hence also, the distance between them after any 
assigned interval may be found. 

When two motions in a straight line are in opposite 
directions, the velocity of approach or the relative velo- 
city is equal to the sum of the absolute velocities. 

(2) Ay travelling at the rate of 12 miles an hour 
starts 15 miles behind B who travels only 10 miles an 
hour: find when A will overtake B and the distance 
then travelled by each. 

Here, the gain of A upon JB is 12 - 10 = 2 miles in 
1 hour which is their relative velocity : whence, 

2 mi. : 15 mi. :: Ihr. : 7$ hrs., 

and 7t ^^s. is the time in which A gains 15 miles upon B 
and therefore overtakes him : so that 

A has travelled 12 x 7? = 90 miles, 
B has travelled 10 x 7^ = 75 miles : 

and the difference of these distances is 15 miles which 
is accordant with the enunciation of the problem. 

In cases like this, the velocity of appi;oach or relative 
rdodtj is the difference of the absolute velocitiea^ and 
the time h found by dividing tVie dvAtance by it. 
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The reasoning employed in these two instances is 
evidently applicable to any uniform motions whether in 
straight lines or curves, provided the distance be mea- 
sured along the paths described. 

(3) Two couriers pass through a place at an interval 
of 4 hours travelling at the rates of 11^ and 17| miles an 
hour : how long and how far must the first travel before 
he is overtaken by the second? 

The relative velocity = 1 7i - 1 1 5 = six miles : 

also, 115x4 = 46 miles = the distance between them, 

when the second passes through the given place : whence, 

46 
as before, we have -75- = 7|Arj., the time when the second 

after leaving the given place overtakes the first : 

and therefore the first has travelled in 11| hours, the dis- 
tance 11^ X ll|s= 134^ mUes: and the second in 7| hours, 
the distance 17^ x 7f = 134^ miles. 

(4) If 252 men in 5 days of 1 1 hours each, can dig 
a trench 210 yards long, S wide and 2 deep; in how 
many days 9 hours long, can 24 men dig a trench of 420 
yards long, 5 wide and 3 deep ? 

The solid content of the first trench is 210x3x2 = 
1260 solid feet : and that of the second is 420 y.5y.^^ 
6300 solid feet 

Now, 252 men in 6^ hours dig 1260 solid feet: 
whence, 1 man in b^ hours digs 5 solid feet : 
and 24 men in b^ hours dig 120 solid feet: 

therefore, 24 men in bB x 52^ hours dig 6300 solid feet : 

bB X 52i 
and consequently, — - = 320J days of 9 hours each 

is the time required. 

(5) If 10 men in 3 days reap a field the length of 
which is 1200 feet and the breadth 800 feet; what is the 
length of a field whose breadth is 1000 feet which 12 
men can reap in four days? 

Here, 10 men in 3 days reap 1200 x 800 square feet: 
and 1 man in 3 days reaps 120 x 800 afl^jiax^^»efiL\ 
also, 1 man in 1 day reaps 4A x %Q0 ^w^vx^ t«^% 
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whence, 12 men in 1 day reap 480 x 800 square feet : 

and IS men in 4 days reap 1920 x 800 square feet: 

but 1920 X 800 = 15S6000 = 1536 x 1000 square feet : 

whence^ it follows that the required length is 1536* feet. 

(6) If a pipe of 6 inches bore discharge a certain 
quantity of fluid in 4 hours : in what time will 4 pipes 
each of 3 inches bore, discharge twice that quantity ? 

If 1 denote the quantity of fluid discharged by the 
first pipe in 4 hours, we have ^ » quantity discharged by 
it in 1 nour : but the quantities discharged by the pipes 
are as the areas of their sections and therefore as the 
squares of their diameters : whence, 

\ : quantity discharged by one of the second set in 1 hour 

:: 6" : 3" :: 4 : 1; 

and therefore the quantity discharged by one of these 
pipes in 1 hour = ^: 

hence, the quantity by 4 such pipes in 1 hour » \ ; 

and therefore the quantity discharged by these 4 pipes 
in 8 hours ^ 2, or twice the quantity discharged by the 
first in 4 hours : that is, 8 hours is the time required. 

(7) If a beam which is lOin. wide, 8 in. deep and 
5 ft. oin. long, weigh 8cwt Iqr.: find the length of 
another beam of the same kind, the end of which is a 
square foot, which shall weigh 1 ton. 

The volume of the first beam =1 x 8 x 66 solid inches, 
and that of the second beam » 12x12 x the required 
length = 144a; solid inches, suppose : also, the weights 
are proportional to the volumes or masses, and therefore 
we have 

8icwt. : 20cwt. :: 10x8x66 : 144ar: 

, 20x10x8x66 „„«. „j. ^«. 

whence, x = -, — —- = 88|m. = 7ft. 4f m. 

8j X 144 

(8) If a ball, whose diameter is 2 inches weigh 5 lbs. ; 
what must be the diameter of another ball of the same 
substance which shall weigh 78.125 lbs.? 

Since the weights are proportional to the wdumes^ 
and therefore to the cubes ot* tVie diame\jei«, \«e liave 



PROBLEMS. 



233 



5lbs. : 78.125lbs. :: 2* : (the required diameter)'; 
whence^ (the required diameter)* = 



8 X 78.125 



= 125: 



and the required diameter = ^125 = 5 inches. 

(9) A rectangular court the sides of which are 300 
feet ^nd 200 feet has a walk 20 feet wide cut off from it 
on every side : compute the area of the walk and com- 
pare it with that of the court. 

The area of the whole court - 300 x 200 - 60000 
square feet: also, since the dimensions are diminished 
20 feet on each side by the walk, the area of the re- 
maining portion 

= (300 - 40) X (200 - 40) = 260 X 1 60 = 41 600 square feet : 
whence, the area of the walk = 60000 - 4l600 « 18400 
square feet: and the walk therefore takes up 

18400 184 46 «.. ^. 

60000 ==600= 150 = ***^"^^"^""'^ 

(10) Multiply 2 feet 1 inch by 1 foot 2 inches : and 
explain the meaning of the terms of the result by a ge(h» 
metrical construction. 

Here by the rule of Article (212), we have 
2-^. 1' 
1 . 2 



2 . 1 
4 



2-^. 5'. 2" 



To explain this result geometrically, if AB « 2 feet, 
Bh-1 inch, AC =1 foot, Cc^2 inches and the con- 
struction be completed as below: 

c f d 















F 


D 


\ \ 



h 
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we have M = AB+Bb^ ^^\ V : 

Ac^AC+Cc = U.^': 

also, Ad = AD + Db + Dc + Dd: 

but AD=^ ABxAC^2xl:=2 square feet: 

D6 + Z>c = l-^xl' + 2-^x2'-r + 4' = 5 superficial primes : 

and Dd ^Bh x Ci? = 1' x 2'= 2 square seconds : 

diat is, the entire product is 2-^.5'. 2" superficial mea- 
sure as before found: and the diagram ^ews clearly 
what is meant by each of the denominations of the re- 
sult ; namely, that a superficial prime is a foot in length 
and an inch in breadth ; a superficial second is an inch in 
length and an inch in breadth, or a square inch, &c. 

Hence, it appears that the product of two numbers of 
feet retains their common denominationy whilst in the 
Duodecimal Subdivisions the denomination of the product 
of two quantities of different names is ascertained by the 
addition of the numbers expressing the denominations 
of the quantities themselves: and this conclusion is some- 
times embodied in the form of a verbal rule. 
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I. NOTATION AND NUMERATION. 

1. It seems probable that the necessities of the human 
race would at a very early period suggest some method 
of counting or reckonings as well as of registering the 
results of such processes : and the instruments employed, 
which in our language would be called Counters, might 
at any time convey to the mind a very distinct and clear 
idea of a number which did not consist of Tnany indi- 
viduals. Without entering into any historical account of 
the different Systems of Notation which have been used 
in different nations, or hazarding any conjectures as to 
the circumstances in which they may have had their 
origin, it is deemed sufficient for our present purpose to 
pass on immediately to the Notation now in use, which 
is fully explained in the first chapter of this work. 

2. The characters 1, 2, S, 4, 5, 6, 7i S, 9, 0, are said 
to have been transmitted to us from the Arabians, who 
again are supposed to have received them from the Hin- 
doos, though in forms considerably different from those 
in which they are now written : and the word Digit 
usually applied to them, denoting a Finger, seems to 
point out the means originally employed in estimating 
numerical magnitudes, t£e number 10, which is called 
the Base or Radix of the system, and by which the local 
values of the digits are regulated, being that of the Fingers 
ofboth hands. The Notation appears to be as complete 
and convenient as can well be imagined, and in its present 
state may certainly be regarded as one of the greatest 
and most successful efforts of human ingenuity ever ex- 
hibited to the world. 

The reader who is desirous of full information upon 
this subject should peruse Professor Leslie's \w\«t^a^aav% 
Work, entitled The Philosophy of ilrUKmclVc. 
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3. In reference to what was said in Article (14), it 
may be proper to observe that the method of proceeding 
difl^rs from that adopted by the French and some other 
Foreign Arithmeticians, who adhere throughout to divi- 
sions of three figures, according to the principle of Article 
(11), and after the division of Millions, proceed directly 
to that of Billions, tens of Billions, and hundreds of 
Billions : then to Trillions^ tens of Trillions, and hundreds 
of Trillions, and so on : and this method certainly pos- 
sesses some advantages in point of simplicity; but as 
numbers of these magnitudes are not of very frequent 
occurrence, it has not been thought necessary to depart 
from the Notation and Nomenclature established in this 
country. 

In the following schemes it is seen how they differ. 
English Nomenclature, 

^ I 

^ 2 is 

oa a & 

&c. 987654 321987 654321 

where each division consists of six figures : and it may be 
extended towards the left hand as far as we please. 

French Nomenclature. 



&c. 987 654 321 987 654 321 

each division consisting of three figures : and it is evident 
that as far as hundreds of millions are concerned, there 
18 no difference whatever in the reading or enumerating 
of numbers in the two methods. 

11. ADDITION AND SUBTRACTION. 

4. The idea of number implies a capability of in- 
crease or decrease^ the former of which is produced by 
the operation of Addition, and the latter by that of Sub^ 
fraction: and a set of Counlcr«,TleTeTeigite^Til<ftdby units. 
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"will be of use in explisiining the grounds upon which these 
operations are established. 

Thus, suppose we wish to add^t?^ and seven together, 
then we have the following parcels of counters to repre- 
sent them : 

1, 1, 1, 1, 1, and 1, 1, 1, 1, 1, 1, 1; 

and if these be added together^ or collected into one par- 
cel^ their sum will evidently be represented by 

1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

which may again be put in the form 

1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 

1, 1; 

and this shews the result to be ten together with two, or 
twelve : that is, the sum of Jive and seven is twelve. 

Hence, in a system of counters there is in fact no 
operation to perform, as it is suj9icient merely to collect 
or combine the counters into one group : and there would 
be no necessity for committing to memory the sum of 
two numbers as in our system, except so far as the name 
of that sum is concerned. 

The same might manifestly be done with more and 
larger numbers, and it furnishes the dejinition of the 
operation of Addition given in Article (21). 

5. To subtract six from nine^ implying that of nine 
individuals, six are to be taken away, we must have at 
first nine counters, as 

1, 1, 1, i, 1, 1, 1, 1, 1, 

which may be formed into the two parcels^ 

1, 1, 1, 1, 1, 1, and 1, 1, 1 ; 

and if we withdraw six of these, or remove ihejirst 
parcel, we have only three counters left, denoted by 

1, 1, 1 : 

and thus we see that if six be subtracted from nine, the 
remainder will be three. 

Here, the withdrawal of the larger parcel, or the re- 
maval of the former parcel, is the only proce«& «GK^<(arj^> 
and it needs no effort of the mind to ^^tmoarrskHx. 
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The operation of Subtraction is entirely founded 
upon this process, has always a tacit reference to it, and 
takes its definition from it, as is seen in Article (26). 

6. The student will perceive that the performances 
of these two operations is not facilitated by the modern 
notation, except as to the writing and reading of the 
results. On the contrary, they are rendered considerably 
more difficulty and require Rules and Directions to work 
by^ which have already been laid down in Articles (22) 
and (27) : they however depend upon a system of count- 
ers, owe their origin entirely to it, and may at any time 
be effected by means of it. 

Thus, using the arithmetical signs for the operations 
of Addition and Subtraction, we have 

3 = 1 + 1 + 1: 
5=1+1+1+1+1: 

whence, S + 5=(l + 1 + 1) + (1 + 1 + 1 +1 + 1) 
=1+1+1+1+1+1+1+1 
= 8, 

by omitting the brackets, which were introduced merely 
to keep the two parcels distinct from each other^ and 
representing the aggregate or assemblage of units by its 
proper symbol : and it is here shewn that it is immaterial 
in what order the numbers to be added together are 
taken. 

Again, 7 = 1 + 1+1+1 + 1 + 1 + 1: 
4=1+1+1+1: 

whence, if from the former of these be withdrawn or 
removed what is equivalent to the latter, there will 
remain 1 + 1 + 1 or 3 : and thus we have 7-4 = 3. 

7. Although in the operations of Addition and Sub- 
traction as treated of in the text, it has been found con- 
venient to commence at the right hand and proceed 
towards the left, the use of the arithmetical signs will 
enable us to perform the same operations in any order 
we znaj choose: thus, to find the sum and difference of 

1345 and 274f, we have 
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1345 = 1000 + 300 + 40 + 5 
274= 200 + 70 + 4 



and the sum = 1000 + 500 +110 + 9 

= 1000 + 500+100 + 10 + 9 
= 1000 + (500 + 100) + 10 + 9 
= 1000 + 600 + 10 + 9 
= 1619: 
also, 1345=1000 + 300+ 40 + 5 

= 1000 + 200+100 + 40 + 5 
« 1000 +200 + 140 + 5 
274= 200+ 70 + 4 

and the difference = 1000 +0 + 70+1 
= 1071. 

From these processes^ which have a close resemblance 
to the method of reckoning by counters, we cannot but 
see, that by a slight exercise of the mind and the memory^ 
much real labour is saved by means of the rules in the 
text, not to mention the prolixity of operation as well as 
the number of figures that would be required for larger 
magnitudes than those which have been used to establish 
this conclusion. 



ni. MULTIPLICATION AND DIVISION. 

8. The operation intended by the word Multi- 
plication, is defined in Article (31) of the text: and in 
the first place we will shew that the conclusions which 
it leads to, may be safely depended upon, as far as the 
order of the factors may influence the product. 

To multiply 4 by 3, we have to repeat 4 or 
1+1 + 1 + 1, three times, and the product will be 

(1 + 1 + 1 + 1) + (1 + 1 + 1 + 1) + (1 + 1 + 1 + I) 

=1+1+1+1+1+1+1+1+1+1+1+1 

= (1 + 1 + 1) + (1 + I + 1) + (1 + 1 + 1) + (1 + 1 + 1), 

which is manifestly 1 + 1 + 1 or 3, four <imcs Y«^«&fe^\ 
that is, three times four is the same aa four >LVKve% tKree- 
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By reasoning of this kind it is made to appear that 
the product has a similar or symmetrical relation to both 
its factors^ because it remains the same when the mul- 
tiplicand is made the multiplier^ and the multiplier 
becomes the multiplicand. 

9. If each of the units represent a man, or other 
specified individual, the process employed above is no 
longer admissible, as the result becomes unintelligible, 
or admits of no numerical interpretation. 

That is, the multiplication of concrete magnitudes 
as such, is altogether impossible : but whenever it is 
applied to them, they are first supposed to be divested 
of their concrete character, or to be abstracted: and 
when the operation has been performed upon the cor- 
responding abstract magnitudes, we have only to explain 
or interpret when possible, the meaning of the result. 

Thus, if the factors were £7 and £8, we could 
easily multiply together the abstract numbers 7 and 8, 
whose product is 56; but the denomination of this result 
as the product of £7 and £8 cannot be ascertained^ and 
the operation is altogether absurd. 

To multiply £7 by the abstract number 8, the 
correct method of proceeding will be to consider the 7 
abstracted, to find the product of the numbers 7 and 8 : 
and the product 56 must then be interpreted in con- 
sistency with the nature of the question proposed : and 
it is seen immediately, that £7 being repeated 8 times, 
amounts to £,56 : so that, whilst the multiplicand may 
be a concrete magnitude, the multiplier must be an abs" 
tract one, because the number of parcels of J67 each, is 
in no way dependent upon the species of the individuals 
contained in any one of them, but would remain the 
same were any other species of individuals to be repeated 
eight times. 

The same observations will be applicable when the 
species of the concrete magnitudes are different ; thus, 
if a person walk for 5 hours at the rate of 4 miles an 
hour, we find the product of the numbers 4 and 5 to 
be 20, which must, from the circumstances of the case, 
be 20 miles the whole distance travelled, and not 20 
hourSf because such an mtetpxeV^Xvoxi ^ould necessarily 
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affect the very nature of the things proposed for con- . 
sideration. 

Again, if he required 5 hours to walk a mile, he 
would require 20 hours to walk 4 miles; so that here 
the product of 4 and 5 is 20 hours, and not 20 miles : 
and this is the interpretation adapted to the natural view 
of the corresponding question. 

10. Whenever therefore in the Application ofArith" 
metic to Geometry, the product of two or three numbers, 
consisting of feet, inches^ &c., has been spoken of, it is 
to be carefullv borne in mind that a new and totally 
different unit has been introduced for its interpretation, 
and that the number of such units is merely expressed 
by the same digits or figures as the product formed in the 
ordinary way : thus, (see fig. p. I97) 
if AB = 4 inches, and AT> = 3 inches, each of the por- 
tions into which they are here divided will be 1 inch : 
and there are evidently as many small squares or new 
units in the parallelogram, as there are abstract units in 
the product of 4 multiplied by 3, or as there are old units 
in the product of 4 inches multiplied by 3 : and this is 
all that is meant in the computations and comparisons 
of geometrical magnitudes, whenever such modes of ex- 
pression happen to be used. 

The same kind of Diagram (see Euclid, 11. 1) is 
sometimes adopted to explain geometrically the operation 
of Multiplication : but it must be distinctly recollected 
that the units of the product have no assignable rela- 
tion to those in either of the factors, except so far as 
their numbers are concerned : and it bears out what has 
been already proved, as to the product remaining the 
same whichever of the factors may be used as the mul- 
tiplicand or multiplier. 

Division being the reverse of Multiplication, there 
will be no difficulty in applying what has just been said^ 
to its elucidation. 

II. With the use of the arithmetical signs, an ex- 
planation somewhat similar may be given by means of 
our common symbols. 

Thus, since 3 = 1 + 1 + 1, we have 

3x5 = (l + l + l)x5-lx6 + l X 5 J^-l x 5 » S^^^^*^^"^ 
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also, since 5 = 1 + 1 + 1 + 1 + 1 = 3 + 2, we have 
5 X 3 = (3 + 2) + (3 + 2) + (3 + 2) 
-3+3+3+2+2+2 
-3 + 3 + 3 + 2 + (1 + 1) + 2 
= 3 + 3 + 3 + (2 + 1) + (1 + 2) 
^S-^S + S + S-hS^SxS. 

Again, because 25 = 7 + 7 + 7 + 4, we have 
25 + 7 = (7 + 7) + (7 + 7) + (7 + 7) + remainder4 
= 1 + 1 + 1 + remainder 4 
= 3 the quotient, with the remainder 4. 

12. The rule given in Article (33) of the text directs 
us to begin the operation of Multiplication with the figure 
on the right hand of the multiplier, but the proper local 
values of the digits in the partial products may easily be 
retained if we commence with that on the left : thus, 

325 
457 

13 = product by 4 as 400 

16 2 5 = product by 5 as 50 

2 2 7 5 = product by 7 as 7 



148525 



in which we see at once that every digit retains the same 
local value as it has in the product obtained by the ordi- 
nary process, when the requisite ciphers are supplied. 

This is the foundation of the remark made in (212) 
of the text ; and by the same method, the Multiplication 
of Decimals may be effected so as to retain the decimal 
points of the partial products in the same vertical line. 

13. Any number when divided by 9? leaves the 
same remainder as the sum of its digits, when divided 
by 9, leaves. 

Thus, taking the number 8432 at random, we have 

8432 _ 8000 400 30 2 
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„ 1000 , 100 „ 10 , 2 

= 8{m + l} + 4{ii.i}.s{i;i} + ? 

noo M^ o 8+4 + 3 + 2 

= 888 + 44 + 3 + : 

so that the remainder arising from the division of 8432 
by 9^ is manifestly the same as that which arises from 
dividing 8 + 4 + 3 + 2 or 17, which is the sum of its 
digits, by 9. 

Hence, a number will be divisible by 9, whenever 
the sum of its digits is divisible by 9^ ^^^ moreover, 
if the sum of its digits be subtracted from any number, 
the remainder will be divisible by 9> The same pro- 
perty holds good of the number 3 : and in precisely the 
same way it may be proved that a number is divisible 
or not by 2, according as the digits in its tmits* place is 
divisible or not by 2 : that every number when divided 
by 5, leaves the same remainder as the digit in its units' 
place when divided by 5, leaves, and that when a num« 
ber is divided by 11, the remainder will be the same as 
that which arises from dividing the difference of the 
sums of the digits in the odd and even places by 11. 
See Article {53) of the text. 

14. The property of the number 9 just established 
is the source of a very convenient test for the correctness 
of the operation of Multiplication, known by the name of 
celling out the nines. 

Let the multiplicand and multiplier be 742 and 64 
respectively: then we have 

742 = 82x9 + 4 and 64 = 7x9 + 1: 
and since the product of two numbers is, by Article {SS) 
of the text, the same as the sum of the products of either 
of them, and all the parts of the other, we shall have it 
here expressed in the following form : 

742x64-82x9x7x9 + 4x7x9 + 82x9 + 4: 
and this being divided by 9, leaves 4 fox «i Tc««v^\\Act^ 
which is the same as the remaindeT axuaw^ ^xoxel^nv^^^ 
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by 9, the product of the remainders 4 and 1, which are 
left after the division of the multiplicand and multiplier 
respectively, by 9. See Article (34) of the text. 

15. It will very easily be seen how the results of the 
other fundamental operations may be tested by means of 
the same property: and although the methods recom- 
mended in Articles (23), (28), (34) and (41) are obvious, 
and devoid of difficulty, it may not be amiss to mention 
another for Division which is of great practical use, and 
has been applied in the text in Article (41). 

These tests are all extremely easy of application, but 
not one of them can be depended upon for absolute 
accuracy : thus, in casting out the nines, the digits and 
9 may be replaced by each other, and the local values of 
any or all of the digits may be disarranged whilst the 
result of the rule remains the same : and in the test last 
given, the error in one stage of the division may be 
compensated by another of the same magnitude, but 
contrary quality in a subsequent one, a defect to which 
the one just mentioned is likewise subject. 

16. In the operation of Division, the number of figures 
put down may be diminished by what is called the Italian 
Method, which omits the partial subtrahends and retains 
only the partial remainders : thus, 

2 5 7j 392 08653 (^152562 
M50 



658 



1 446 



16 15 



733 
2 19 

and this comprises much fewer figures than the ordinary 
operation, but it does not furnish the test which is men- 
tioned in the last Article. . 

Many other contrivances will naturally suggest them- 
selves to the inventive student; but what has been said 
win generally be sufficient for ensuring some very con- 
siderable degree of practical coireeXxv^*'^ 
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IV. INVOLUTION AND EVOLUTION. 

17. The first of these operations^ being merely that 
of Multiplication, is mentioned here only because the 
character and circumstances of the direct Arithmetical 
process constitute a necessary and essential part of the 
groutids upon which we must endeavour to perform the 
inverse operation of Evolution. 

Since the square of 28 = 28 x 28 = 784, the square 
root of 784 must be 28 : and we have to arrive at the 
latter of these numbers by means of the former : but as 
there appears to be ho immediate connection between 
them, we put 28 in the form 20 + 8, and then determine 
the form of its square, from the consideration that the 
product of two quantities is the sum of the products 
which arise from multiplying every part of one of them 
by every part of the other : thus, 

20 + 8 
20 + 8 

400 + 20 X 8 

+ 20 X 8 + 64 



and the square is 400 + 2 x 20 x 8 + 64 

which consists of 400 = 20', together with twice the pro- 
duct of 20 and 8, and 64 = 8* : 

in order therefore to ascertain the square root of 784, 
expressed in the form 400 + 2 x 20 x 8 + 64, we first find 
the square root of 400 to be 20 : and then from dividing 
2 X 20 X 8 by the double of this, or by 2 x 20, the remain- 
ing part 8 of the root is obtained : so that 2 x 20 + 8 
being now made the divisor, and multiplied by 8, and 
the product subtracted from 2 x 20 x 8 + 64, it appears 
that the entire root 20 + 8 or 28, is determined. 

Keeping in view the demonstration above given, we 
may have either of the following ybrwij of operation : 

784(^20 + 8 
400 

2x20 + 8 = 48j 3 8 4 
38 4 
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the latter being nearly the same as the former, by omit- 
ting the ciphers, as was done in Multiplication and Divi- 
sion : and we observe that the Rule laid down in Article 
(172) of the text, is here investigated for the particular 
number under consideration. 

Since^ the square of 49 ^ 

= 49* = (48 + 1 )' = 48* + S X 48 + 1, 

it is obvious that when the root is increased by 1, the 
corresponding square is increased by twice that root + 1 : 
and the same mode of ^reasoning being applicable in 
every other instance^ it follows that the remainder at any 
stage of the process can in no case exceed the double of 
the root already obtained : agreeably to the observation 
made at the end of Ex. 4 of Article (172). 

The method of Multiplication used in this and some 
of the preceding Articles of the Appendix will furnish 
the means of deriving the square of one number from 
that of another by a very simple proceeding : thus, 

the square of 31 =(S0 + 1)' = 900 + 2 x 30 + 1 = 96I : 

the square of 53 « (50 + 3)* = 2500 +2x50x3 + 9 = 2809. 

18. The rule for the extraction of the cube root 
given in Article (174), may be investigated in a similar 
manner, and the observation at the end of the Article 
may be established upon the same principles; but for 
the reason stated in the text, it will not be necessary to 
follow up the inverse processes further in this place, 
inasmuch as they are rendered much clearer by the use 
o£ Algebraical symbols: and the rules already laid down 
are quite sufficient for the performance of the operations 
in every case that can occur. 

V. RATIO AND PROPORTION. 

19, The relation of two magnitudes may be known 
by considering how much the one is greater or less than 
the other, or what is their Difference, as well as by ob- 
serving how many times the one is contained in the other, 
or what is their (Quotient. 

The former of these views, called Arithmetical Ratio, 
constitutes the business of the o^eta^Aoiv^o^ %>;^\x«fition; 
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and the latter is termed Geometrical Rath, because it is 
applied to Geometrical Magnitudes, though it derives its 
importance from the various uses that are made of it in 
the calculations of civilized life. 

In whichever way the comparison may be made^ it is 
evident that no relation can be established between them 
unless the magnitudes are of the 'same kind ; and conse- 
quently Ratio as used in the text must be an abstract 
quantity, expressing merely the numerical value of one of 
the magnitudes^ with reference to the other considered 
as an unit of the same kind. 

Hence^ it follows that the ratio or relation, of any 
two concrete magnitudes of the same kind, as two sums 
of Money, may be the same as, or equal to, that of two 
other concrete magnitudes of the same kind^ as two bales 
of Goods : and this Equality of Ratios has been defined 
to l>e a Proportion* 

20. It is^ clearly impossible to institute any arith- 
metical comparison of Geometrical Magnitudes, without 
the assistance of their Arithmetical Representatives, which 
it may not always be in our power accurately to obtain ; 
and to avoid this difficulty, it is stated in ihejiflh Book 
of Euclid s Elements^ that ^'Proportion is the Similitude of 
Ratios ; and the Jirst of four magnitudes is said to have 
the same ratio to the second^ which the third has to the 
fourth, when any equimultiples whatever of the first and 
third being taken, and any equimultiples whatever of the 
second and fourth ; if the multiple of the first be greater 
than that of the second, the multiple of the third is also 
greater than that of the fourth ; if equal, equal ; and if 
less, less." 

This conclusion has been established in the text with 
respect to numbers forming a proportion, and it may be 
applied immediately to shew whether four numbers taken 
in order constitute a proportion or not. Thus, if 

2 : S :: 4f : 5; 

by taking equimultiples of the first and third, we have 

12 : S :: 24 : 5; 

and by taking equimultiples of the second and fourth^ 
we obtain 

12 : la :: 514 -. aO> 
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in which the condition above enunciated not being ful- 
filled^ we are assured that the numbers 2, 3, 4, 5 do 
not form a proportion according to the geometrical de- 
finition^ as the arithmetical definition shews at once, 
because f is not equal to f. 



VI. APPROXIMATE DIMENSIONS, 
AND CONTRACTED DECIMAL OPERATIONS. 

21. In the Instrumental measurement of Dimensions, 
we can seldom be assured of absolute accuracy ; and, in 
practice, we are therefore obliged to be content with ap- 
proximations to their true values : but^ though it might 
be impossible to obtain numerical representatives which 
^re perfectly correct, still there is no difficulty in assign- 
ing the limits within which the errors shall be confined. 

Suppose a measured distance to have been found to 
be 10.7459 yards, in which the number of entire yards 
is 10, with the parts of a yard expressed by the decimal 
.7459: since this magnitude differs from 10 yards by 
.7459 yards in excess, and from 11 yards by .2541 yards 
in defect, it will be more nearly expressed by 11 than by 
10 yards, if the nearest whole number only be taken. If 
one decimal be used, 10.7 yards will be correct within a 
tenth part of a yard, for the differences between the true 
value and the distances IO.7 and 10.8 yards being .0459 
and .0541 yards, the error is less than .05, or ^ of a yard 
in the former, and greater than this quantity in the latter. 
If two decimals be retained, the distance is more nearly 
10.75 than 10.74 yards, the former being .0041 in excess, 
and the latter .0059 ^^ defect ; or, 10-75 is correct within 
a hundredth part of a yard, the error being less than 
.005, or -^ of a yard. Similarly, 10.746 is in excess, but 
correct within a th(msandth part of a yard : and hence^ 
whenever one or more decimals on the right hand are 
omitted, care must be taken to increase the last remaining 
figure by 1, when the first of the figures so left out, is 
equal to, or greater than 5. Thus, the values of 18.3546. 
miles within a tenths a hundredth^ a thousandth^ &c.^ of a 
iDilcj w'iU be respectively 

18.4, 18.35, 1^.^55 Bte., XKiXa^ 
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22. The limits of the errors in computations con- 
ducted by means of approximate dimensions may hence 
be ascertained. 

Thus, if two dimensions be 2.87 and 3.76 inches, 
which are both correct within an hundredth part of an 
inch, the corresponding rectangle will be represented by 
2.87 X 3.76= 10.7912 square inches : now, 2.87 and 3.76 
have the superior and inferior limits 2.875, 2.865 and 
3.765, 3.755 respectively, so that the area of the rect- 
angle will lie between 

2.875 X 3.765 = 10.824375, 

and 2.865 x 3.755 = 10.758075, 

of which the former is .033175 in excess, and the latter 
is .033125 in defect : but if we divide the sum of the 
multiplier and multiplicand by 200, the quotient is 
.03315, which differs slightly from the errors just found: 
and the same kind of reasoning being applicable in all 
other cases, we conclude generally that when the fac- 
tors are true to one, twoy three^ &c., decimal places, the 
product wiU be correct within s^th, ^th, j^th, &c., 
parts of the sum of the said factors. 

These inferences are established by means of general 
symbols in (4) of Article (84) of the Author's Elements of 
Algebra, and though not absolutely correct, they may be 
rehed upon in most practical calculations* 

A similar test may be applied to Division, since the 
the dividend the dividend x the divisor , 
^ °° the divisor (the divisor)* ' ^ 

dividing the sum of the dividend and divisor by 20 times, 
200 times, 2000 times, &c., the square of the divisor, v 

By such considerations we are led to the contracted 
Multiplication and Division of Decimals, which are 
performed according to the following directions, whose 
grounds are easily perceived. 

23. In Multiplication^ place the units' figure of the 
multiplier immeaiately under the decimal place of the 
multiplicand which is to be retained in the product^ and 
write the rest of the figures of the m\x\\i^et vcv «. Tco«r%e 
order: then, in multiplying, Te^ect a\\ luaa ^^xa^^Vo.^^^ 
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multiplicand on the right of the figure multiplied by, 
writing down the products so that the figures on the right 
hand shall be in a vertical line, having carried to them 
from the products of the two preceding figures in the 
multiplicand^ 1 for numbers from 5 to 15, 2 for numbers 
from 15 to 25, 3 from 25 to 35^ &c. : and the sum of the 
products thus found will seldom differ from the true pro- 
duct, even in the last place of decimals .used. 

Ex. Required the product of 1.S.57483 and 84.8207, 
retaining only four places of decimals. 



Contracted Multiplication, 
1 3.5 7 48 3 
7 2 8.4 8 

10859864 

542993 

108 599 

27 15 

9_5 

1 1 5 1.42 6 6 



Compound Multiplication, 
1 3.5 7 4 8 3 
8 4.8 2 07 



95 

27 14 

108598 

542993 

1 08 59864 



02381 
9660 
64 
2 



1 1 5 1.4 2 65 



8 2 9 8 1 



24. In Division, since the first figure of the quotient 
has always the same local value as the figure of the divi- 
dend which stands over the units' place of the ^rst pro- 
duct, we have only to consider how many figures of the 
quotient will comprise the number of decimals proposed 
to be retained ; then to take the same number of figures 
on the left of the divisor, and as many figures in the divi- 
dend as will contain them less than ten times : by these 
to find the first figure of the quotient, and for each of 
the following figures to divide the last remainder by the 
divisor wanting one figure more to the right than it did 
be/ore, observing, as in the preceding Article, what 
numbers are to be carried in obtaining the partial con- 
tracted products. 

Ex. Divide 1254.46403 by 46.205175, so as to have 
four decimal places in the quotient. 

Here, the quotient must contain six figures, and we 
have 
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46.2051,75J 1 2 5 4.4 6 4,0 3 (^27.1498 
9 2.4 1 0,4 

330360 
32S436 



692 4 
4 62 1 

2303 
18 48 

45 5 
4 1 6 



3 9 
37 



and that the quotient 27.1498 is correct as far as it goes, 
may be seen by the common operation. 

If the divisor do not contain as many figures as are 
required for the quotient, perform the ordinary division, 
till the numbers of figures in the divisor and of those 
remaining to be found in the quotient are equal, and then 
proceed according to this Rule. 

VII. DIFFERENT SCALES OF NOTATION. 

25. If umbers in the Common or Denary Scale of 
Notation may be expressed by means of the Arithmetical- 
signs: thus, 

256 = 2x 100 + 5*x 10 + 6 
= 2x 10' + 5 X 10 + 6: 
1849 = 1 X 1000 +8 X 100 + 4x10 + 9 
= 1 X 10» + 8 X 10» + 4 X 10 + 9 : 

but this method of representing numerical magnitudes is 
not confined to powers of 10: for 

23 = 16 + 4+2 + 1 

= 1x2* + 0x2' +1x2* + 1x2 + 1: 
47 = 27 + 18 + 2 

= 1 x3'+2 X 3* + 0x3 + 2, 
and hence arise the Binary, Ternary, &c., Scales of No- 
tation^ the digits employed^ including the cipher 0« beltv^ 
equal in number to the Base of the Si|stem« 



252 



DIFFERENT 8CALES OF NOTATION. 



Hence^ 23 in the common scale « 10111 in the binary: 

47 = 1202in the/er/wry; 

again, if the base of the scale be 4, we shall have 

203 = 2x4' + 0x4 + 3 = 35, 
or 203 in the quaternary scale is equivalent to 35 in the 
common scale. 

The following is the kind of operation necessary to 
transform a number from the common scale to any other : 
as, for instance, to find the numbers in the quinary and 
senary scales which shall be equivalent to 384: 



5^3 84 



5)1 6.4 

5^1 5. 1 

5)3 .0 

0.3 



6)3 84 



6^64 


.0 


6;io 


. 4 


6-;i, 


4 



0. 1 



and the remainders taken in order form the digits of the 
numbers beginning at the right hand: thus, 

384 in the common scale is equivalent to 3014 in the 
scale of 5, and to 1440 in the scale of 6. 

In the fundamental operations, the processes are 
regulated by the base of the scale, instead of 10: thus, 
in the septenary and octenary scales, we have 



Addition. 
42056 
3062 5 

103014 



Subtraction, 

257 36 
1 6257 

7457 



and in the nonary and duodenary scales, we shall have 



Multiplication, 

178 
56 



122 3 
1034 

11563 



Division. 
24^1 3 44(^67 
120 



I 44 
1 44 



ANSWERS OMITTED IN PAGES 5, 8, 11. 



Page 5. Notation. Article (13). 
(1) 598. (2) 7804. (S) 89063. (4) 603240. 
(5) 9043602. (6) 45387025. (7) 349004065. 

(8) 100010001. (9) 842248484. (10) 909OO9O99. 

Page 8. Numeration. Article (19). 

(1) Four thousand^ three hundred and twenty. 

(2) Eighty-seven thousand and fifty-four. 

(3) Nine hundred and three thousand, seven hun- 
dred and fifty-six. 

(4) Two million, seven hundred and fourteen thou- 
sand, three hundred and twenty-five. 

(5) Eight million, forty-seven thousand, three hun- 
dred and twenty-eight. 

(6) Twelve million eight hundred and seventy 
thousand and forty-five. 

(7) Twenty million, eighty-four thousand, two hun- 
dred and sixteen. 

(8) Seventy-nine million, thirty-thousand, two hun- 
dred and eighty-four. 

(9) Three hundred and twenty-one million, four 
hundred and eight thousand, six hundred aiid fifty-three. 

(10) Four hundred and eight million, seventy-six 
thousand, and thirty-two. 

(11) Three hundred and fourteen million, one hun- 
dred and fifty-nine thousand, two hundred and sixty- 
five. 

(12) Five hundred and seventy-one million, two 
hundred and sixty-eight thousand, four hundred and five. 

Page 11. Addition. Article {Q4i), 
(1) 208. (2) 995. (3) 14115. (4) 160172. 

(5) 133. (6) 780. (7) 6553. ^^ ^'^^'5^'^. 

(9) 405. (10) 1540. {y\) \%b^. iy^ %^^- 
m A. ^^ 
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(15) 14397. (14) 1038206. (15) 268491. 

(16) 74147863. (17) 330122351, read three hun- 
dred and thirty million, one hundred and twenty-two 
thousand, three hundred and fifty-one. 

Page 14. Subtraction. Article (28). 

(1) 6. (2) 34. (3) 154. (4) 6239. (5) 14759. 
(6) 327699. (7) 127593. (8) 4699. (9) 6713076. 

(10) 60005393. (11) 10942895. (12) 304924818. 

Page 21. Multiplication. Article (37). 
(1) 568. (2) 4425. (3) 11468. (4) 392715. 
(5) 246522. (6) 6599Si^l. (7) 68290192. 

(8) 28951155. (9) 16155975. (10) 75398340. 
(11) 36692s. (12) 1531335. (13) 145651668. 
(14) 311305816. (15) 2518028865. (I6) 2053737000. 
(17) 757OSO26O. (18) 37335129056. 

(19) 246913578, 493827156, 740740734, 987654312, 
370370367, 61728S945, 864197623, lUlllllOl. 
(20) 1287657, 1000055, 34381488, 8539410, 
11216556, 46634205, 1013736849. 
(21) 700, 3315, 3797115. 

Page 27. Division. Article (43). 

(1) 174. (2) 1532. (3) 69071. (4) 16875. 

(5) 8974. (6) 76782. (7) 11979052,1. 

(8) 795917072,3. (9) 315836,7. (10) 112233444,6. 

(11) 823045,3. (12) 6267706,8. (13) 1272250,6. 
(14) 87997,214. (15) 19915,5559. (16) 3216,6886. 

(17) 1453,2280. (18) 43349,1080. 

(19) 2384,6. 14888,6. 121446,37. 33478,35. 

Page 31. Greatest Common Measure. Article (52). 
(1) 3. (2) 18. (3) 28. (4) 39. (5) 113. 

(6) 173. (7) 147. (?) %2l. (9) 1536. 
(10) 4. {\V) 51. (,\^^ Vu 
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Page 33. Least Common Multiple. Article (54). 
(1) 108. (2) 5491. (3) 3396. 

(4) 48. (5) 14664. (6) 840. 

Page 33. Article {55). 
(1) 45. (2) 72. (3) 1890. (4) 1260. (5) 7560. 

Page 40. Compound Addition. Article (60). 
(1) £249, 7*. 2id (2) 120cwt 2qrs. 61bs. 2oz. 

(3) 196yds. 6in. (4) 245gals. 

(5) 224 wks. 2 days, 2hr8. lOmin. 

(6) 140lb3. 90Z. 3d wis. 14grs. 

(7) 58oz. Idr. Iscr. 3grs. (8) 105yds. 2qr8. 2nl8. 
(9) 108lea. 2fur. 9po. (10) 585ac. 3ro. 25po. 

Page 41. Compound Subtraction. Article (61). 

(1) £72. 0^. lO^d^ (2) 31 tons, l6cwt. 26lbs. 8oz. 12drs. 

(3) 198lea. 2mi. Ifur. 28po. (4) 99gals. 1 pt. 

(5) 19 days, 17hrs. 27niin. 39sec. 

(6) 661bs. lOoz. l6dwts. 23grs. 

(7) lolbs. lOoz. 7dr8. 12gr8. 

(8) l6ac. 37po. (9) 1 tun, Shhds. 30gals. 4pts. 

(10) 34qrs. 4bush. Ipk. l^al. 

Page 43. Compound Multiplication. Article (62). 

(1) £1791. 3s. 2|t/., and £S224. 1*. 9|rf. 

(2) 349cwt. 211bs., and 548cwt. 2qr8. 25lbs. 

(3) 929yds. 2ft. and 1549yd8. 1ft. 4in. 

(4) 47Igals., and 706gal9. 2qts. (5) 128wks. 3 days, 

23hrs. 6min., and 1 71 wks. Sdays, 22hrs. 48min. 

Page 46. Compound Division. Article (63). 

(1) £37. 17*. Srf., and £23. 13s. G^d. 

(2) 26cwt. 13lbs., and 20cwt. Iqr. 7lbs. 

(3) 276yds. 1ft. 2in., and 1 65yds. afx..^vcv. 

(4) 29ac. 3ro. 14po., and ^lac. ^to. ^*i.^o. 
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Page 46. Compound Division. Article {6S). 

(5) 4wks. 4 days^ 6hrs. 30inin.^ and 3wks. 3 days, 
4hr8. 52min. 30sec. (6) 67qi'8. Ibush. Spks. Igal. 

(7) Iwk. 6 days, 5hrs. 43min. 37sec. 

Page 65. Vulgar Fbactions. Article (78). 
19 49 IM 602 , 540 2095 4139 SS51S 
^'^ T' "9' 12' 11 • ^^^ 13' 17 ' 15 ' 103 • 

Page 65. Article (79). 

50 176 25 64672 
2r 45' 6' 35 ' 

Page 67. Article (81). 

(1) ^, 3i, 4f, 13^, I6j^. 
(2) 33ii, 127A, 130IJ, 823|?. (3) 1^ 2|J. 

Page 72. ArticU (85). 

(15)|and.|; |«.dl|. (l6)^and|. 

(17) Thejirst is the /ea*^, and the second is the greatest. 

Page 108. Decimam. ^r^w/« (108), (IO9), (110), (111). 

(1) 1.54. 24.079. 315.00805. (2) 745.7961. 4009- 

(3) 538.6422021. (4) 27.849. 7040.322. 31.580901. 

(5) 1.0473. 3.021975. (6) .40926. .04032. 9. .7777. 

(7) 100.17484. 21,983472. .000123123. 

(8) 20.796875. .026649- 

(9) 5.12. .427. 2.417. .24172. 

(10) 6.268 &c. 17404.278 &c. .00261 &c 

(11) 70. 7900. 3250. 22500. 



APPENDIX 11. 
MISCELLANEOUS QUESTIONS. 



I. 

1. Multiply 39027 by 473, and divide 7716625 by 625 : 
and explain clearly the reason of each process. 

2. Find the' greatest common measure of 54668 and 
127774^ and the least common multiple of 21^ 27, 36, and 45. 

3. How many revolutions will a wheel of 9 ft. 2 in. in 
circumference make in 1 J miles ? 

. 4. At the rate of 5*. 9|rf. in the pounds how much will be 
paid by a bankrupt who owes £1000 ? 

5. State and prove the rules for the multiplication and 
division of fractions by means off and |. 

6. How much stock can be purchased by the transfer of 
£800 stock from the 3 per cents, at 96, to the 4 per cents, at 
] 20 : and the income ? 

7. How many guineas, sovereigns, half-crowns, and shil- 
lings, and of each an equal number, are there in £445 ? 

8 If by paying down £98 J, I receive £3 a year, what 
income shall I obtain from £2370 ? 

9. Find the simple interest and amount of £691 15«. in 
15 years at 4 per cent, per annum. 

10. Required the compound interest of £1500 in 3 years 
at 5 per cent. 

11. Explain the notation and numeration of decimals, and 
point out the advantages obtained by them in the arithmetical 
operations on fractional quantities. 

12. Find the value of 3.375 tons -5.01 5625 cwt8. + 3.1875 
qrs. — 15.93359375 lbs. : and express the result as the decimal 
of 25 lbs. 

IL 

1. Divide 550974 by 1472 : find the quotient and re- 
mainder. 

2. If 1 lb. avoirdupois be equivalent to 7000 grains troy^ 
and 1860 sovereigns weigh 40 lbs. troy, lio^ xckss^s «iNeK«v"«p^ 
will weigh 1 oz. avoirdupois % 
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3. In what time will a man travel over 2500 versts at the 
rate of 10 miles an hour^ three versts being equal to two miles ? 

4. A garrison of 4000 men has provisions for 5^ months : 
how long will the provisions last if the garrison be reduced to 
8000 men? 

5. How much money must be invested in the 8 per cents, 
at 90 to produce an income of £141 a year ? 

6. If 144 men can dig a trench 40 yds. long, 1 ft. 6 in. 
wide, and 4 ft. deep, in 8 days of 10 hrs. each : how many men 
would be required to dig a trench 60 yds. long, 5 ft. deep, and 
2 ft. 8 in. wide, in 15 days of 9 hrs. each ? 

7. How many copies, each containing 20 sheets, require 
the same quantity of paper as 1000 copies of 18 sheets each? 

8. Find the discount on £600 due in 6 months, interest 
being at the rate of 5^ per cent. 

9. The length of a rectangular field which contains 2 acres 
8 roods, 5 poles, is 151 yds. 9 in. : find its breadth. 

10. A grocer buys 1 ton, 1 cwt. 8 qra. 14 lbs. of sugar for 
£60, and pays £1 5s. for expenses : at what rate must he sell it 
per lb. to clear 50 per cent. ? 

11. Find the equated time of payment of £200 due 14 
months hence, and of £800 due 19 months hence 1 

12. If 16 horses eat 96 bushels of com in 42 days, in how 
many days will 7 horses eat 66 bushels ? 

III. 

1. Multiply 758 bush. 8pks. 1 gal. by 182, and reverse it. 

2. If Hoz. cost 7Jrf., find the price of 8 tons, 2 cwt. 1 qr. 
24 lbs. : ana prove it. 

8. If 10 men reap 10 acres in 2 days ; in what time can 
14 men reap 70 acres ? 

4. Simplify 7J of ff of 4f, and 2J-8J + 4J. 

5. Find the least and greatest of the fractions |, f and |, 
and compare them. 

6. ' Multiply together J, J, f , and ^ : find the difference 
of the products of the first and last and tlie second and third. 

7. Find what fractioii 2«. Q^d. is of £1 10*. 8 Jrf : and how 
many times J of 2s, 6d. is contained in £2 10«. 

8. Express 8| decimally, and .109875 as a fraction. 

9. Divide 7.881 by 4.7892 to four places of decimals. 

10. Express £1 12«. 4|<f. as the decimal of £7 10«. : and 
reverse it. 
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11. Find the interest of £712 10*. in 3J years at 2} per 
cent, simple interest. 

12. What is the discount of £591 13*. 4</. in 4 years at 2 
per cent. ? 

IV. 

1. Divide £503 4». by £lO 9*. Sd. Is the result concrete 
or abstract ? Prove it. 

2. If a highland farm be let for £401 11*. 3d. : and the 
number of acres be 375 : find the rent of an acre. 

3. If £20 in trade gain £32 in 15 months, what sum will 
gain £48 in 12 months? 

4. Describe the various kinds of Vulgar Fractions. Simplify 
f of3Jof5j^. 

5. Express ffjj? in its lowest terms, and reduce If, 2f, 
and 3f to a common denominator. 

6. Add together 37^ and 24}f. Find the difference of 
5}J and S^^, Prove them. 

7. Multiply i of f of I by J of t of f, and divide 91 J by 
15J. Give the rules. 

8. Add together f £, ^gui. |*. and J<f. : and find the dif- 
ference between the sum of the first and last and the sum of 
the second and third. 

9 Express 6Jd. f/ as the fraction of 1*. ; and find the value 
of 276 articles at 2s. Sid. 

10. Convert J|^ into a decimal, and reverse it. 

11. Multiply 7.53 by .0026, and reverse it. 

12. Divide .278831 by .00001306, and state the rule. 

V. 

1. Write in words 7283845G9, and in figures seventy-five 
mUlions and fifty four. 

2. Multiply 384129 by 243, and reverse it as a proof. 

3. Find the amount of £1187 10*. in S^ years, at 4 per 
cent, per annum. ^ 

4. Required the sum paid to a broker on £3328 at 3| per 
cent. 

5. Required the compound interest on £1050 in 3 years, 
at 5 per cent. 

6. A person invests £135300 in the ^ -^et <!CtL\:^. ^ '^Rf^'k 
find his capital and interest. 
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7. Find the discount of £596 1*. Qd. in 11 months, at 
4 per cent., and prove it. 

8. Three partners put £600, £800, £1000 into business, 
and they gain £900, find the share of gain of each. 

9. How many dozens of wine at £2 a dozen are worth as 
much as 135 yards of cloth at S28. a yard ? 

10. Reduce Slbs. Boz. to the fraction of a ton, and find the 
equivalent decimaL 

11. Find the fraction to be added to | which shall make 
the sum equal to JJ. 

12. What fraction divided by f ^f ^ shall give a quotient 
= toff? 



VI, 

1. Add together \, f > A? and ff ; and reduce the sum to 
its lowest terms. 

2. Find the decimal equivalent to i^ of ^^ ; and reduce 
£9 7s. ed, to the decimal of £15. 

3. Standard gold being worth £3 17*. lOJrf. per ounce, 
what will be the price of 2 lbs. 5oz. 13dwts. Bgrs.? 

4. If 100 qrs. of wheat be sold for £3 17*. 8rf. per quarter, 
and 50 qrs. for £3 18*. Qd, per quarter, what is the average 
price per bushel? 

5. Find how much the price of 505 bushels of wheat at 
7*. Old. per bushel differs from £180. 

6. What length must be cut off a rectangular board 7^ in. 
wide, to give ten square feet. 

7. A tradesman's assets are £450, out of which he pays 
59. in the pound on half of his debt, and 4*. on the other half : 
find his entire debt. 

8. At what price must goods which cost 5*. 9d, per lb. be 
sold to gain 7J per cent.? 

9. How much income shall I derive fi'om investing 
£22000 in the 2 J per cents, when they are at 88 ? 

10. Divide £900 am^ng A, B and C, so that B may have 
twice as much as A, and C may have thrice as much as B, 

11. If 27 men cut down 108 acres of grass in 5 days, 
working 10 hours a day, how many acres would 16 men cut 
down in 9 days, working 12 hours a day ? 

12. Find the area of a flo<»r whose length is 13 ft. 7 in, and 
breadth is 11 ft. 9 in. : 
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VII. 

1. If 12cwt. 3qrs. be bought for £29 16«. what will 
2cwt. dqrs. 14 lbs. cost? 

2. At the rate of 10*. 6d. in the pounds how much shall I 
receive for a debt of £475 10*. ? 

3. If a regiment of 1878 soldiers consume 702 qrs. of wheat 
in 336 days, how many quarters will an army of 22536 men 
consume in 112 days ? 

97 

4. Reduce — to a common fraction. 

3f 

5. Express 3f of {- of -^ of 49 as a simple fraction. 

6. Fmd the Talue of f of 13*. 4d. 

7. Add together M |*. and ^^., and reduce the sum to 
the ^'action and decimal of 1 guinea. 

8. Divide 27J- by ^S^ , and write down the rules for the 
multiplication and division of fractions. 

' 9. Give the rules for the multiplication and division of 
decimals : find the product of .234 by 4.32, and prove it by 
Vulgar Fractions. 

10. Define Interest, Simple and Compound: also present 
Worth and Discount. Write down the Rules, 

11. Fmd the value of 1.0225 of a cwt. 

12. Extract the square root of 1340095640625. 



VIII. 

1. The shavesin a joint stock are at 10 per cent, premium, 
what will a person be entitled to who has 1350 shares which 
cost him £5 17*. 6d, each ? 

2. Find how often £321 10*. 6d. must be repeated to make 
£12861. 

3. Reduce £256 12*. 6Jd into farthings, and find how often 
3*. 6^d. is contained in it, and what sum added will make it a 
complete quotient ? 

4. What number added to the sum of ^^, 3JJ, -^ will 
make it amount to 5 ? 

5. Required the sura of .225 of £11, .025 of £2 6*. 8c?., and 
reduce it to the decimal of £5. 

6. In how many years will £375 amount to «AaR» ^% A\^. 
at 3f per cent mmple interest ? 



562 APPENDIX n. 

7. Find the rent of 91 a. 3 r. 14 p. at 1 J guineas per acre. 

8. Required the amount of £637 16*. &/. in 4 years, at 
6 per cent, simple interest. 

9. Find the present worth and discount of £591 12s. 4d. in 
two years, at 6 per cent. 

10. Required the value of £.04375 and of .1015625 qrs. 
of com. 

11. What is the fraction which represents .25 of ^g 
of .16 ? 

12. Reduce .3939 &c to a vulgar fraction^ and find the 
value of .1313 &c. of the result. 



ix. 

1. What is the price of £1000 stock, the purchaser paying 
97f per cent, for the stock, aiid ^ per cent, commission. 

2. A commences husiness with a capital of £1000 ; two 
years afterwards he takes B into partnership with a capital of 
£1600, and in 3 years more they divide a profit of £1900. 
Required S's share. 

3. Add 1^ of a ton to f of a Ih. 

4. If the carriage of 60 cwt. 20 miles cost £14J, what 
weight can I have carried 30 miles for £63^? 

5. What decimal of a year of d65 days is 45| days, and 
what is the vulgar fraction equivalent to ^ of it ? 

6. A tea-dealer huys a chest of tea containing 3 qrs. 6 lbs. 
at Ss. 2ld. per lb., and 2 chests each containing 2 qrs. 15 lbs. 
at Ss. 4fd. per lb., what will he gain per cent by selling the 
mixture at 4 shillings per lb. 

7. Find the sum of .65 of £4 10*. and .0125 of £5 13*. 4d,, 
and reduce the whole to a decimal of £3. 

8. Find the cost of pavine a street f of a mile long and 
63 feet broad at the cost of *J\S, per square yard. 

9. What fraction multiplied into the sum of f> 1^, and 
\l will make the product 3 ? 

10. If a person invests his capital in the 3} per cents, at 
04, at what rate per cent, does he receive interest on his capital I 
and what income will he have if he invests £1260. 

Ih How much stock must be sold out of the 3 per cents. 
at 92§ to pay a bill of £715 17 «. mQ mon^X^^oK^ It becomes 
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due, discount being allowed at the rate of 4 per cent^ interest 
per annum? 

12. How much in length that is 7f inches broad will make 
a square foot ? 

X. 

1. If 96 miles of railroad cost £2000000, what is the rate 
per mile? 

2. Find }|-H + }I~H ^^ *^® ^^^^ of f of a gumea 
— f of a half-crown. 

8. Prove the rule for pointing in the multiplication of 
decimals. 

Divide 17.084592 by .024, and reduce 7*. l(%d. to the 
decimal of £i, 

4. What is the interest of £2546 in 5 years at 2} per cent ? 

5. A bankrupt has good debts to the amount of £456 
18*. 10c?. ; and the following bad debts, £360 7*. lOrf., £120 ISs., 
£19 ISs., for which he receives respectively 4, 5, and 9 shillings 
in the pound. His own liabilities amount to £3050. How 
much can he pay in the pound ? 

6. What will be the expense of carpeting a room 28 ft. 
long and 19 ft. wide with carpet f of a yard wide at 5*. 9d 
a yard. 

7. A person transfers £2000 stock from the 3J- per cents, at 
99 to the 3 per cents, at 90J^. What will be the difference in 
his annual income in consequence of the exchange ? 

8. A and B are places distant from each other 26 miles. 
A person leaves A walking at the rate of 5 miles an hour to 
meet another person coming &om B and walking at the rate of 
3^ miles an hour. How long will it be before they meet ? 

9. A man buys 22 shares in a mine at £6 each, and 78 at 
24*. What does he lose by selling them all at 829, each ? 

10. The value of an ounce of standard gold which was 
£3 17*. lOJ^ falls to £3 15* 4Jrf. What is the decrease in the 
value of a bar from which 1000 sovereigns might have been 
coined ? 

11. If 13 men earn £7 in 15 days of 8 hours each, what 
will be the wages of 52 men for 12 j- days of 9 hours each ? 

12. A gallery is 55 ft. 9 in. long, 10 ft. 2 in. wide, and 
9 ft 10 in. hi^h. What will painting its walls ooisv^i \.^ ^)i^ 
2*.82d. peryardi 
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XL 

1. What is the value of 8 qrs. 2 bush. 3 pks. of wheat at 
31*. 4d. per quarter. 

2. Find the difference between ^ of £1 and f of a guinea, 
and express the result as the fraction of a crown. 

3. Reduce 6s, to the decimal of 13«. id, and find the value 
of .07 of £2 10*. 

4. Find the present worth of £245 Ss. 4rf. due 8 months 
hence at 5 per cent, per annum. 

5. Multiply 3.05 by .0203 : .00457 by 32.56, and .013 by 
.0016. 

6. A room 16 feet 8 inches long by 12 feet 4 inches broad 
has to be carpeted. How much carpet must be used of a yard 
in width, and what will be the cost at 6*. 9d. per yard ? 

7. What income must a ^^erson have if he spends at the 
rate of £2 Bs. Qd. a day, and lays by £350 a year? 

8. Add together f of a pound, f of half-a-crown, and } of 
a shilling; and shew which is greater, .346 of a pound or 
.295 of a guinea. 

9. In 1 ton 7 cwt. of raisind how many parcels are thete of 
18 lbs. each? 

10. If 45 acres of land pay £50 128. 6(f. rent^ what will 
8 acres 2 roods pay ? 

11. If 8 men in 14 days can mow 112 acres of grass, how 
many men must there be to mow 2000 acres in 10 days ? 

12. Reduce 24 days, 2 hours, 8 minutes, to the fraction of 
a month of 30 days. 

XII. 

1. Detfine Subtraction and Division, and point out their 
relation to each other. 

2. Three boys A, B and C who can count 100, 130 and 
160 in a second, begin together, but at the ends of two and three 
seconds A and C lose their reckonings and have to begin again : 
how many will have been counted by them all, when B has 
counted 780? 

3. A debt of 20 guineas is discharged by three equal pay- 
ments of half-crowns, shillings and sixpences, find the number 
of each. If the numbers of coins be equd, how niuch will be 
paid in each? 

4. A cubic foot of ooppex weighs 4 cwt. 3 qrs. 24 lbs. 4 oz. 
and can be drawn into a mie 1 mi. ^ivrc. b^^* Vs<(i%\ fu&il the 
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weight of copper vequisite for a single wire of a telegraph con- 
necting two towns 61^ miles apart. 

5. A legacy of £4000 is subject to a duty of 1 per cent. : 
find the magnitude of another subject to a legacy duty of £10 
per cent which shall be of the same ralne. 

6. Define a Compound Fraction, and explain the method <^ 
reducing it to a simple fraction. 

If f of |: of 1^ of aa estate be worth £4312. fii^dthe valu^ of 
foffof^ofit. 

7. Reduce 3 qrs. 15 lbs. 3 oz. 3} drs. to the fraction of a cwt.^ 
and find the value of f| of a guinea. 

B^ A^B and C receive ^, ^V ^^^ H ^^ * s"™ ^ money, and 
then ^, f and ^ of the remainder respectively, shew that the 
sum is equally mvided among them. 

9. Give a brief explanation of the decimal notation. Point 
out the effects of ciphers annexed to the right and left of whole 
numbers or fractions. 

Divide 521.125 by 1.25, and prove the pointing by vulgar 
fractions. 

10. Distinguish between Interest and Discount. Find the 
simple interest of £273 15^. in 3 yjns. 4 mo. 85 days, at 4^ per 
cent, per annum. 

11. A grocer mixes 20lb8. of snoar at 5|J., 18 lbs. a,t6d,, 
16 lbs. at ^d. and 31 lbs. at 4}dL ; find the pnce of 1 Ih of the 
mixture. 

12. Prove the Rules for pointing in the extr^tioii: of ; the 
square and cube roots. 

Find the values of Ay84«+105»+112" and J.^ + 1.2'+l.&. 



XIII. 

1. Find the cr. c> x. of 27334 and,42558. 

2. How many revolutions will a wheel of 18 ft 4 in* in cir- 
cumference make in 5 miles ? 

3. Multiply 25 cwt 3 qra. 21 lbs. 13 oa. by 29, and reverse 
the operation. 

4. At the rate of 7*. 6rf. in the poupd, how muoh will her 
paid by a bankrupt who owes £4050. 

5. amplify the fraction IJ of 1^ of 1»^, and jg^ of ~r. 

a Add together f, li, and 2f , and reduce 17t. ^- V^ >2o» 
fraction of £Sk 
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7. State and prove the rules for the multiplication and 
division of fractions by means of f and f . 

8. Multiply 123.432 by 21.34, and reverse the operation. 
Prove the pointing by Vulgar Fractions. 

9. How much stock can be purchased by the transfer of 
£800 stock from the 8 per cents, at 90 to the 4 x^er cents, at 
120^ and the income ? 

10. Find the discount of £849 Is. Sd, due in 7 months at 
5 per cent, simple interest. 

11. Extract the square root of 28.8369 and the cube roots 
of 38 + 4» + 5* and 15069223. 

12. Find the solid masonry in a brick wall 30 ft. 7 in. long, 
13 ft. 8 in. high and 14 inches thick. 

XIV. 

1 . Multiply 123246469 by 49 as a composite number, and 
divide it by 72. 

2. Find the o. c. m. of 13338 and 15903, and the l. c. m. of 
the nine digits. 

3. How many grains are there in 18 lbs. 10 oa. 15dwt8? 
and prove it 

4. How many pieces of coin at 6s. Bd. each are contained 
in £1815 6s. Hd.'i and prove it. 

5. What number of weights of 14 oz. 12dwts each are 
equivalent to 12 cwt. 3 qrs. 7 lbs.? 

6. Find the difference of 162 qrs. 1 bush. 1 peck and 
127 qrs. 4 bush. 3 pks. 1 gal., and prove it. 

7. Multiply £1 18*. 6Jrf. by 114, and reverse the ope- 
ration. 

8. If a person complete a journey of 211 miles 1 fur. 
39 poles in 37 days, what dibtance does he travel each day ? 

9. The sum of J^26S 8s. ll}d. is distributed equally among 
a number of persons so that the share of each is £18 ICts. 4ld. 
find the number. 

10. If a person's income be 325 guineas a year, how much 
will he save if his expences be £5 6s. 4 Jd. every week 1 

H. If the income tax be 1*. 2d. in the pound, what will 
one having £3000 10s. a year have left ? 

12. A bankrupt pays £1956 for his debts of £7680 : how 
much is it in the pound % 
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XV. 

1. The sum of two numbers is 40000, and the leas of them 
is 7857, find their product. 

2. Each of 19 bags contains 8 bush. 3pks. Igal. 3qts. of 
wheat, find the whole quantity. 

8. How many barrels of 32 gals, each will hold as much 
as 48 barrels of '42 gals, each? 

4. If the carriage of 2cwt. 3qrs. for 192 miles be 12*. 
what will be the cost of the carriage of 1 cwt. 1 qr. for 128 
miles ? 

5. Reduce X2 1,3* 4Jrf. to the fraction of £3 14*. 5|^., and 
determine what fraction of £9 expresses the value of 2f 
guineas. 

6. If ^ of an estate be purchased for £675 15*., what sum 
must be paid for f of the remainder? 

7. Express £2.0375 as pence, and .623 lbs. as the decimals 
of 1 qr. and 1 cwt. 

8. If £100 in business gain £3 10*. in 10 months, what 
money will realize £21 in 15 months ? 

9. Find the simple interest of £237 5*. 6d, ia 4 years, at 
6 per cent. 

10. What is the annual income from £4500 in the 3 per 
cents., and what would it bring at 96f ? 

11. Find the value of a legacy of £5000 stock, at 94| 
when the legacy duty of 10 per cent is deducted. 

12. Find the present worth and discount of £1242 due 
4 years hence, at 5 per cent. 



XVI. 

1. Multiply 392163 by 578, and prove the result by cast- 
ing out the nines. Divide it by 289, and prove it 

2. Divide 425 tons 15 cwt. 2 qrs. 12 lbs. into 54 equal parts, 
and reverse it 

3. If a person complete a journey of 422 m. 3 £ 38 p. in 37 
days, how far does he travel in 3 days, by division and mul- 
tiplication ? 

4. What may a person having £1000 a year spend daily so 
as to save £434 6s. yearly ? 

5. If 8 men in 7 days can mow % ttct«& ^i ^5CASi^> V^^ 
wanymen wUl mow 42 acres in 2\ daysl - 
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6. Express £2 U, 0|d as the fraction of £5 Ss. 9d,, and 
compare Ae values of f of £2, and ^ of 2 guineas. 

7. Required the worth of f^ of J^^ of ff of an estate of 
£10000. 

8. Fmd the difference of | of ^ of £24^ and f of f of 
SO guineas^ in pence. 

9. Required the simple interest and amount of £1462 
15«. Sd., in 4 years^ at 4 per cent 

10. Find the present worth and discount of £3875 4«. in 3 
years^ at 4 per cent. 

11. Convert tHk into a decimal, and find its value of 
£1000. 

12. Find, by practice, the value of 5875 articles at lOJd 
each. 

XVII. 

1. Multiply 6441 by 10283, and prove it by division and 
by casting out the nines, 

2. How many half-crowns are there in £253 128. 6d A and 
prove it. 

3. Find the number of coins, worth £2 12«. 6d. each, 
contained in £892 10^., and prove it. 

4. Divide £52 10s. 7^.> into 41 equal parts, and prove it. 

5. If the clothing of 377 soldiers cost £1589 5«. g^d., what 
is it for 20 men? 

6. As 7 oz. 5 d wts. 20 grs. of copper is coined into 12 pence, 
find the value of 352 lbs. 3 oz. 6 dwts. 21 grs. in current money. 

7. If a person travel 300 miles in 20 days of 6 hours each, 
how long wUl it take him to travel 600 miles when the day is 
15 hours ? 

8. If a capital of £2000 gain £200 in 7 months, in what 
time will £770 gain £121 ? 

9. Represent J^ of ^ of 6| as a simple fraction, and §SfU 
in its lowest terms. 

10. What part of £80 is £3 6*. Qd. ? and prove your result 
to be correct? 

11. Find the simple interest of £2520 in B^ years, at 5 per 
cent, per annum. 

12. If £100 gain £12 lOf. in 12 months, what will £2000 
gain in 18 montns? 
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XVIII. 



1. Multiply 13679 by 2468^ and prove it by casting out 
the nines. 

2. Divide 56281173789 by 72 as a composite number^ and 
give the rule for the remainder. 

3. Reduce £2^I5 ISs, 4|(f. into forthings, and reverse it 

4. How many pounds are there in 10 million farthings ? 
Prove it. 

5. If a soldier have IS^d. i>er day^ and receive £5 besides^ 
what is his entire annual income ? 

6. If 84 articles cost £1000 lOs. lOd. what will 12 articles 
cost? 

7. At what price must an article which costs 5s. 9d. be 
sold so as to gain 50 per cent? 

8. Add together the fractions f ^ ^^ H and fl, and 
reduce the sum to its lowest terms. 

9. Convert ^ into a decimal Point its period, and re- 
verse it 

10. Reduce £2 3^. 4|(2. to the fraction of £3. in its lowest 
terms. 

11. Express £6 10s 6ld. as the decimal of £50, and re- 
verse it. 

12. What decimal is £20 Ss. 8J^. of £60 lis. 0|(f.? and 
express ^ of £3 13s. 4td. as the decimal of £44. 



XIX. 

1. Divide 7932569 by 66 as a composite number, and find 
the true remainder. 

2. What number of cwts., &c. are contained in 196311 
drams ? Verify the result 

3. A bag contains a number of sovereigns, and twice as 
m^y guineas, and its value is £310 : find the values of the 
sovereigns and guineas of its contents. 

4. If in retailing of goods^ B^d, be advanced to Is. OJd 
find the augmentation per cent 

5. If I spend £1 Qs. 6|^. a day, what nros^VATKf ^^»££) 
inoome^ 80 •■ to.flave MO a year t 
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6. Divide £758 14^. lid, into 85 equal parts^ and taking 
the remainder, prove it. 

7. If an artificer earn £9 10«. 6d. in 10 days, in what time 
wiU he earn £47 12«. 6d.? 

8. If lodgings be let at lO^. 6d. a week, and incidental 
expenses come to 3«. a week : find the demand for 273 days. 

9. If a tradesman gain 58. 6d, on an article which he sells 
for £1 28., what does he gain on £44 ? 

10. Represent 121^ and d44||, as improper fractions; and 
reverse them both. 

11. Multiply 3Jf- by 5}^ ; and divide the result by each as 
a proof. 

12. Multiply 287.35 by 537.82, and prove the pointing. 
Also reverse it. 

XX. 

1. Find the diflFerence between £1000 and £32 17*. ^d. 
repeated 30 times. 

2. At the rate of 6*. 2^, in the pound, what sum is paid 
by a bankrupt for a debt of £1367 155. 1 

3. If with a capital of £1000 a tradesman gain £50 in 
7 months, what sum will it require to gain £60 10^. in 5J 
months ? 

4. Find the simple fraction equivalent to f of (2J + 3| ). 

5. Express } of f of 1 qr. as the fraction of a ton r and find 
the value of the fraction. 

6. Find the number of feet in ^ of a mile ; the number of 
yards in f of a league. 

7. Divide 843.75 by .000375, and state the rule in such 



8. Express £5 78. 9^. as the decimal of £20, and re- 
verse it. 

9. Find the amount of £1075 13«. 4d. in 4^ years, at 6 per 
cent, simple interest. 

10. Compound interest of £500 in 4 years at 5 per cent. 

11. If 3 per cent, stock be at 100^, find the stock and 
income froin £1102 168, cash. 

12. Find the sum and difference of £f and ^ of a guinea. 

XXI. 

1. DiSTiNouiSH between the absolute and local values of the 
nine di^ta. Write them dowi[i iot t\i<b hxisx^msc ^^« 
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2. Find the greatest common measure of 1450848 and 
17613349. 

3. Find the greatest and least of the fractions j^j W 

Jf and fj, and shew that the fraction i2-f24 + 36 + 60 ^^ 
between them. 

4. Express £2 12«. 2}^/., in a decimal coinage : and com- 
pare the vsdues of the figures in the places ^i tenths, hundredths, 
and thousandthsy with a shitting, & penny, BJid a farthing, re- 
spectively. 

5. Express .84375 £ as the fraction of £1 10«. 4}<^. : and 
find the difference of .365625 of a pound, and .3489583 of a 
guinea. 

6. A person after paying away J and J of his money, finds 
the difference between f and f of the remainder to be £70 : 
what are the sums paid and retained ? 

7. In 1854 the maintenance of a Union came to £2000 : 
what is its expense in 1855, when the number of inmates is 
increased in the ratio of 4 to 3^ the allowance^ to each is Jths of 
what it was, and the price of necessaries 'is diminished 10 
per cent. ? 

8.* A owes £1200 to B, and B owes £1160 to A : prove that 
the debts will be cancelled in 4 years, if they bear simple 
interest at 4 and 5 per cent, respectively. 

9. What are the different kinds of FeUowship ? 

Three persons subscribe £2500, £2700 and £^900, to form a 
joint Stock, how must a gain of £1620 be divided among them ? 

10. Find the square and cube roots of 16.777216: and 
prove that the square root of the sum of l^j and its square is 
equal to 7 times the square root of their difference. 

11. Point out the connexion between lineal and sup^Jicial 
measure. 

12. A cylindrical shaft whose right section is 124 ft. 84 in. 
is sunk to the depth of 31 ft. 8 in. : find the cubic feet and 
inches of material dug out. 

XXII. 

1. Reduce <]^ to a decimal^ and Ss, 7id. to the decimal of 
a half-croi'^. 

2. If 12|| cwts. cost £37^, find the price of 6 cwt. 

3. Light travels at the rate of 96000000 miles in 8^ 13^^ : 
find how long it is in coming to us from a star^ whose distance 
is 76 billions of miles. 

4. A x)08t has } of its length in the mud^ wiS. V\sl'^^ 
water, and 10 feet above the water, fenii ite NAw^feVto^fiwi^- 
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5. A cask can be emptied by two taps in 8 and 12 minutes 
respectively, in what time can it be emptied by both together?. 

6. If 4180 lbs. of beef serve 176 men for 19 days, how 
many days will 1991} lbs. serve 50 men ? 

7. If the first, second, and fourth terms of a proportion be 
2}, 5, and 9 : find the remaining term. 

8. Express {&+^)-{^-^)^mx7^)^10^\ m its 
simplest form. 

9. If } of a sheep be worth £|, and f of a sheep be worth 
^ of an ox ; find the worth of 100 oxen. 

10. If an imperial gallon contain 277^ cubic inches ; find 
the number of gallons which will fill a rectangular vessel whose 
dimensions are 4 ft. 8 in., 3 ft. 8 in., and 3 ft. 

11. A pays down £6000 for 5 months, B £6000 for 6 
months, C £4000 for 7^^ months, and D 2600 for 12 months : 
divide a profit of £1190 equitably among them. 

12. The length of a room is 5 yds. 2 ft 7 in. and the other 
dimensions bear to it the ratios 1 : 2 and 1:3; find the area of 
all the walls. 



XXIIL 

1. The tax upon ah income of £231 10s. is £6 15s. O^d. ; 
find the tax in the pound. 

2. Express £1 2s. ^d, as the fraction and decimal of 
18*. 7K 

3. Find the value of ^^ of a cwt. and of .234375 of a 
square yard. 

4. Reduce } f}ng to its lowest terms ; and express the 
resulting fraction with a denominator equal to 144. 

5. How many times does the sum of 21} and 12f contain 
their difiPerences ? 

6. In what time will a steamer run from Liverpool to New 
York, the distance being 3125 miles, the steamer's speed being 
10| knots per hour, supposing 6 knots equal to 7 miles ? 

7. What sum of money must be invested in the 3J per 
cents, at 98, to produce £105 a year? 

8. The value of a sheep being £1. 17*. 6rf., what must be 
the price of an ox, so that by giving 40 sheep in exchimge for 6 
oxen I may gain £15. 

9. If 16 horses require 36 bushels of oats in 10 days, how 
long will 63 bushels keep 56 horses ? 

10. Howmnch will 18Umi. 12oz. lOdr. cost at £12 16f. 8d. 
alb. bjr practice 1 
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11. Shew that 2.045 of 6cwt 8qn. 22 lbs. = 14 cwt. 

12. Find the simple interest and discount on £90 I6s. 6rf. 
for 4 months at 3 per cent, per annum. Shew that one exceeds 
the other by about 2^. 

XXIV. 

1. What will be the entire cost of 12 dozen of Port wine 
at 489. a dozen^ 15 dozen of Sherry at 628., and 9 dozen of 
Madeira at 56^. ; the bottles costmg 2d. each ? 

2. Express 2f + 4| + IJ - 23^ of ^ in its simplest form. 

3. Find the value of (J+f-|) of £64 85. : and of J of f of 
H of 7 J of a guinea. 

4. Bring 7«. 4|if. to the decimal of £2 : and express a 
deUar of 4«. 7id. as the decimal of a crown. 

'5. If a man walk 4| miles in 1 hour^ 20 minutes : in what 
time will he walk 17| miles ? 

6. The distance from England to the Crimea being 3000 
miles, and 7 miles being equal to 6 knots, how long will a ship 

' be saUing the distance at 8 knots an hour ? 

7. The weekly receipts of a railway company being £1346 
3s. Id. : what per centage can be paid on a capital of one million, 
after deducting 50 per cent, for expenses ? 

8. If £20800 in the 3 per cents, be sold out at 93 : and the 
proceeds be invested in the 3} per cents, at 104 : what is gained 
or lost in income ? 

9. What will it cost to give to each of 64 fiimilies 1 qr. 
3 bus. 2 pecks of wheat at 68. 6d, a bushel ? 

10. Which is the more advantageous Stock to invest in ; 
the 3 per cents, at 89J, or the 3J per cents, at 98J ? 

11. A room is 29J feet long, and 14J feet wide ; what -will 
it cost carpeting, at Qs. Qd. per yard, the width of carpet 
being f of a yard ? 

12. Extract the square root of 1^, and the cube root of 
1953125. 
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Trinity College, Cambridge. Price 32«. cloth. 

The CLIO has been issued separately, price 5^. 
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ments, and their real tiistorical value more clearly exhibited.*'— MherugutHt 
May 20, 1851. 

A 



BOOKS PUBLISHED BY 



CICERO'S ORATIONS AGAINST VERRES ; being Vol. 
I. of CICERO'S ORATIONS. Edited by GEORGE LONG, Esq., 
M. A., formerly Fellow of Trinity College, Cambridge. Price 16*. 
cloth- 

" It is an edition from a master's hand, without a master's caprices. Mr. 
Long has been content to write for the reader without writing for himself. 
He has been content to give a good text without minutely describing how be 
settled it. He has addressed his commentary to points of real obscurity only, 
and has, as he avers, 'passed over no passage where he found a difficulty 
himself, and very few where others found a difficulty.* He has communicatnl 
the necessary assistance in few and plain words, his purpose being: * not to 
say all that might be said, but all that required sayins ;' and when th« difi- 
culty is beyond absolute solution, he fairly says so. If there are any students, 
teachers, or learners, who do not feel the full value of such a rule of annotation, 
the generation must be quite a new one. In addition to the general usefulness 
of such a work as this, Mr. Long has taken the opportunity of certain digres- 
sions to convey, what nobody could convey more clearly, a considerable insight 
into the forms and principles of proc^ure under the Roman law. Some of 
these will he interesting only to the advanced scholar, but others communicate 
a knowledge desirable even for ordinary classical studies, and which, after 
this publicatiou, ought to be no longer rare." — The T^met, 

THE WORKS OF HORACE, with a Commentary, by the 
Rev. ARTHUR JOHN MACLEANE. M.A., Trinity College, 
Cambridge. Price 18«. cloth. 

" The second volume of the • Bibliotheca Glassica * is an edition of the 
whole works of Horace, by Bfr. Macleane, one of the joint editors of the 
collection. It is a new text, gathered by Mr. Macleane from what he tiilnlu 
the best ms. authorities. Bentley's conjectures he seduUusly avoids. The 
notes are really valuable, partly taken up with verbal criticism^ but for the 
most part exegetical in the best sense, and the arguments and introductions are 
really important aids to the comprehension of Horace. It is an excelleot 
edition. **—Gt<areItan. 
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In coarse of Pablication^ uniformly printed in foolscap Svo, at a 
moderate price, 

GRAMMAR SCHOOL CLASSICS; 

A SERIES OF GREEK AND L\TIN AUTHORS, NEWLY 
EDITED, WITH ENGLISH NOTES. 



THE ANABASIS OF XENOPHON, based upon the Text 

of BORNEMANN: with Introduction, Geographical and other 
Notes, Itinerary, and Three Maps compiled from Recent Surveys and 
other Aothentic Documents. By the Rev. J. F. MACMICHAEL, 
B.A., Trinity College, Cambridge, Head Master of the Grammar 
School, Ripon. New Edition, revised, price 5f., cloth. 

•* No source' has been neglected or overlook<»d from which light can be 
obtained ; and the book will be found equally instructive to young teachers 
as to students. We have examined the notes in various parts of the book, 
and have throughout found them precise and accurate. . . . We can con- 
fidently recommend Mr. Macmichaera edition of the Anabasis as the best 
school edition that exists in the Enslish language, and we feel certain that it 
will satisfy every reasonable demand that can be m&de.^—CUutical Miueum. 

M. TULLII CICERONIS CATO MAJOR SIVE DE 
SENECTUTE, LAELIUS SIVE DE AMICITIA, ET EPISTOLAE 
SELECTAE. With English Notes and an Index. By GEORGE 
LONG, Esq., M.A. Price 4tf. 6d. cloth. 

•* Every page affords examples of accurate knowledge aptly applied, and 
proves that the editor was thmking about what the reader would be most 
likely to need, not about how he could display his own learning. Above all, 
Mr. Long has been careful to make his notes subordinate to what ought to be 
the chief object in studying any book— the perfect comprehension of the 
author's meaning, without which it is manifest that a correct knowledge of 
the signification of individual words or phrases is impossible."— £n^/i«A 
Journal oj Education. 

••The notes are brief, clear, and instructive; the selections judiciously 
made; the text carefully revised, and admirably punctuated ; and the entire 
volume is one which the schoolboy will find invaluable, and from which even 
the advanced scholar may learn something.*'— ^ecWy News. 

J. CAESARIS COMMENTARII DE BELLO GALLICO. 

With Notes, Preface, Introduction, &c. By GEORGE LONG, Esq. 
M.A. Price 5«. 6ii cloth. 

•• Mr. Long's name stands deservedly so high, that those who feel any inte- 
rest in a work like this will need nothing more than the above brief announce- 
ment to assure them that we are likely to have here an edition of Ca)sar 
surpassing and superseding any one that has previously appeared in tins 
country. Mr. Long's connection with the work is something more ihnn 
nominal. It is a bond fide production of his hand— not a mere make-up from 
foreign and other sources, labelled with his name. From first to last it bears 



--^.i-.-i**^... "Ji^ 



BOOKS PUBLISHED BY 



the impress of his Tigorous and well-slored mind. We scarcely know which 
more to admire, the aibiiity with which important matters are handled, or the 
honest pains-taking care which has been bestowed on the minatest points,— 

Eoints which, though essential to accuracy, many an editor would consider 
eneath his notice. In the preparation of the text, Mr. Lone— without com- 
promising his own independence of mind— has availed himself of the labours 
of Schneider, Elberling, Herzog, Oudendorp, Clarke, Oberlin, and others. 
The preface contains some judicious remar&s on Cssar and his Commentaries. 
It is followed by an introduction intended to give to both teachers and 
students correct ideas of the physical character and previous history of Gallia. 
The notes are all that could be desired ; containing valuable critical olMerva> 
tions on various readings, explanations of difficulties, an abundance of gram- 
matical information, illustrations from other authors, and whatever geographical, 
historical, and archeeological knowledge is necessary for the complete eluci- 
dation of the text. And, what is often wanting in such works, there is a vein 
of strong sense— the very reverse of twaddling pedantry — running through the 
whole, and displaying itself in the manly simplicity and force of the style. 
The healthy moral tone in which Mr. Long writes— his freedom from every 
approach to affectation, and his frank confession of difficulty— are calculated 
to confer scarcely less benefit on the youthful reader than the vast amount of 
knowledge contained in these pages.**'— ^/Aen<9i(m. 

QUINTI HORATII FLACCI OPERA OMNIA. With 
English Notes, by the Rev. A. J. MACLEANE, M.A., Head Master 
of King^ Edward's Scbooi, Bath. Price 6t. 6d. cloth. 

"An abridged or rather a recast edition of Mr. Macleane*s larger edition of 
Horace. This volume is designed for schools, and contains the broadest 
features of the previous edition, intended for deeper and more refined study 
than schoolboys will or perhaj^s can give. So far as regards the object of the 
poet, the scope of particular pieces, or the explanation of particular passages, 
this cheaper edition leaves nothing to be desired, as respects the understandiog 
of Horace."— /S^cc/o/or, Sept. 10, l&'iS. 

XENOPHONTIS CYROPiEDIA. With English Not«s, 
by the Rev. G. M. Gorham, Fellow of Trin. Coll., Camb. In the Prett. 

P. OVIDII NASONIS FASTORUM LIBRI SEX. With 

English Notes. By F. A. PALEY, Editor of "JEschylus" and 
" Propertius." Price 5«. cloth. 

" An excellent edition, founded on that of Merkel, though the editor has 
also availed himself of Gierig's and Keightley's. There is a good supply of 
Notes, which abound in critical, explanatory, and illustrative observatioai of 
a very superior cast. Mr. Paley has a strong opinion of the importance of 
Latin, and his mode of editing the Classical works in that language is well \ 
calculated to promote the study of it.**— Alhenaum. 

THE NEW TESTAMENT IN GREEK; based on the | 

Text of SCHOLZ. With English Notes and Prefaces ; a Synopsis 
of the Four Gospels; and Chronological Tables, illustrating the Gospel 
Narrative. Edited by the Rev. J. F. MACMICilAEL.B.A. Uniform 
with the "Grammar School Classics.*' 730 pages. Price 7*. 6<i.clotb. 
••The text of Scholz has been generally followed, and great care has been 
taken to avoid typographical errors. It is a nicely printed volume. The 
Notes and Prefaces in English are short, and almost entirely exegetical- 
Controverted pass>a;,'es are, for the most part, lelt aloi.e, but a ^reat deal of 
real help is afforded towards the reading of the New Testament.'*-- Guan/ios. 
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AN ATLAS OF CLASSICAL GEOGRAPHY, containinff 
22 Maps, Engroved by W. HUGHES. Edited by GEORGE LONG^. 
With an^ Index. Imperial 8vo., half-bouad, price 12«. 6d. 

•• In the preface to his edition of Caesar, Mr, Long has exhibited so complete 
a mastery of the seopn^aphy of his subject, that, on reading his author, Me 
always wished for his own map of the scene of operations, and our wish has 
now been gratified by the present publication, which, amongst others, con- 
tains of course a map of Ancient Gaul. We will not pretend that we have 
diligently examined every map ; but we have exaraiVied quite enough to be 
fully justified in declaring these maps what we are conscientiously persuaded 
of their being^the very best of the sort that have been published in England. 
They are also beautifully executed, and published at a moderate price for so 
elaborate a work. . . . We very earnestly recommend this book of maps 
to every student who desires to study ancient literature with full advantage." 
^Standard, 

A GRAMMAR SCHOOL ATLAS, adapted for Junior 
Boys, containing 10 Maps, selected from the above. Price bs, 

THE WORKS OF VIRGIL, closely rendered into English 
Rhythm, and illustrated from British Poets of the 16th, 17th, and 
18th centuries. By tlie Rev. ROBERT CORBET SINGLETON, 
M.A., Late Warden of St. Peter's College, Radley. In Two Volumes. 
Vol. I., just published, price 98. 

** For the scholastic uses designed by Mr. Singleton, his translation is well 
adapted. Masters and tutors will find it useful for reference, and as a ground, 
work for their comments and prelections. To the general reader the most 
acceptable part of the book wul be found in the illustrative extracts of the 
English poets. There are in the first volnme about ninety quotations from 
Shakspeare, and above a hundred from Spenser and many others, from 
Chaucer down to Thomson." — Literary Gaxette. 

SABRINAE COROLLA : a Volume of Classical Transla- 
tions and Original Cond positions, contributed by Gentlemen educated 
at Shrewsbury School. With Nine Illustrations. Svo., cloth, 15«. 
Also handsomely bound in yarious styles. 

** We cannot close this article without congratulations to the lovers of Latin 
scholarship on the publication of that elegant and tasteful volume, the 
'Sabrinae Corolla.* It has happily been the means of calling forth from 
privacy many of Dr. Kennedy's effusions, a scholar In competition with whom 
no contemporary, we believe, will presume to enter the lists of classical com- 
position. We cannot, within our limited space, attempt to do justice to the 
manifold beauties of his style and his extraordinary command ulriusque 
Ungua** — Blackwood* i Magazine^ November. 

SELECTIONS FROM OVID : Amores, Tristia, Heroides, 

Metamorphoses ; with Prefatory Remarks. 12mo., 2«. 6d. cloth. 

This Selection is intended to afford an introduction, at once easy 
and unobjectionable, to a knowledge of the Latin language, after a 
boy has become well acquainted with the declension of nouns and 
pronouns, and the ordinary forms of verbs. 
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iESCHYLI TEAGCEDIiE. Eecensuit, emendavit, ex- 
planavit, et breyibus Notis instnixit F. A. PALEY, A.M., olim Coll. 
Div. Johan. Cant. 2 vols. 8vo., 1/. 4«. 
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Persae 

Prometheus VtnctuB . 
Septem coutia Thebas, et 

Fnunnenta . . .56 
Suppucet (2nd Edit.) . 4 6 



A SHORT LATIN GRAMMAR on the System of Crude 
Forms. By T. HEWITT KEY, M.A., F.C.P.S.; late ProfesMrof 
Latin, now of Comparative Granomar, in University College, London; 
Head Master of University College School. Small 8vo.« 3t. 6d. 
cloth. 

LATIN ACCIDENCE. CoDsisting of the Forms, and in- 
tended to prepare boys for KEY'S Short Latin Grammar, llie 
simple arrangement of the Eton Grammar has been followed as &r a« 
is consistent with the crude form system. , Small 8yo., 2«. cloth. 

RULES FOR OVIDIAN VERSE; with some Hints on the 

Transition to the Yirgilian Hexameter, and an Introdactory Preface. 
Edited by JAMES TATE, M.A., Master of the Grammar School, 
Richmond. Bvo., Is, 6d. sewed. 

THE MASTER'S LATIN VERSE BOOK. Being a Selec- 
tion of Fables in Latin Prose ; to which is annexed a Version in Latin 
Elegiac Verse, with an English Translation. Fcap. Bvo., 4». cloth. 

This is intended as a step between the ordinary Verse Books aid 
Original Composition. The Latin Fable is to be given ont as a sab- 
ject to be turned into Latin Verse. The English may be used occt- 
sionally where the original presents any difficulty. 

MATERIALS FOR LATIN PROSE. Being a Selection 
of Passages from the best English Authors, for Translation into Latin. 
By the Rev. PERCIVAL FROST, kte Fellow of SL John's Colle|e, 
Cambridge. Fcap. 8vo., 2», 6d, 

*i^* Masters and Tutors may procure a Key to this by direct 
application to the Publishers, price it, 

REDDENDA; OR, PASSAGES WITH PARALLEL 
HINTS FOR TRANSLATION INTO LATIN PROSE AND 
VERSE. The latter comprising Exercises in Elegiac, Hexameter, 
and Alcaic Metre. By FRED. E. GRETTON, B.D., Head Master 
of Stamford Free Grammar School, formerly Fellow of St. John'i 
College, Cambridge. Post 8vo., is, 6d, cloth. 
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CLASSICAL PAEALLELS. By PEEDEEIC E. GEET- 

TON, B.D., Head-Master of Stamford Grammar School; and late 
Fellow of St. John's College, Cambridge. 8vo. 28, 6d, 

SELECTIONS FROM HERRICK, for Translation into 

Latin Verse, with a short Preface. By the Rev. A..J. MACLEAN£, 
M.A., Trinity College, Cambridge. 12mo., 28, 6^., cloth. 

** The design of the compiler of this collection apparently is, to surest 
modes of thought, and to supply the means of legitimate appropriation of ideas, 
to young students of Latin Verse composition. Of all our English poets there 
is, perhaps, no one whose poetry is so much imbued with the spirit of Horace 
and his contemnoraries as Herrick. Thiar is a judicious selection of the pieces 
best suited for tne purpose in view, and it is prefaced with some remarks of a 
general nature on versification, well calculated to assist in forming the taste 
and style of a learner."— ^ng2t«A JourruU of JEducation, 

FLORILEGIUM POETICUM ANGLICANUM ; or. Se- 
lections from English Poetry, for the use of Classical Schools, 12mo., 
price 3«. 6d, cloth. 

" The appearance of this volume is owing to the want, which has been often 
and vexatiouslv felt, of some collecUon of Classical English Poetry which 
might furnish the younger boys of our Grammar Schools with subjects for 
repetition, and the elder ones with materials for translation into Lifttin and 
Greek verse.*'— Pr^oce. 

FIRST CLASSICAL MAPS ; with Chronological Tables 
of Grecian and Roman History, and an Appendix of Sacred Geo- 
graphy and Chronology. Second Edition. By the Rev. JAMES 
TATE, M. A., Master of Richmond Grammar School. Imperial 8vo., 
78. 6d, cloth. 

QUINTUS HOEATIUS FLACCUS, the Text, with 50 

Illustrations from the Antique, drawn by T. D. SCOTT, and en- 
graved on Wood. Fcap. 8vo. Price 5». 

It is well known that the Roman Poets drew many of their images 
from the works of art, especially Greek, with which they were so 
familiar. The design of this volume is to put before the readers of 
Horace a few good specimens of the source from which many of his 
expressions are no doubt derived ; as well as to provide an edition of 
a favourite author, with appropriate and suggestive embellishments. 

The Illustrations have been selected chiefly for the purpose of 
throwing light upon the text, and the few that have been chosen for 
their own artistic excellence will be found for the most part to illus- 
trate allusions in the Author. 

The Drawings have been made by Mr. T. D. Scott, and the En- 
jp'avings executed under his superintendence. 

" A remarkably pretty little edition of the works of * Q. Horatius Flaccus* is 
before us, quite a specimen of paper and printing. The text is that of Mr. Mac- 
leane, in the late edition in the ' Bibliotheca Glassica.' The illustrations 
are from ancient sources, and are (many of them) exquisite wood-cuts."— 
Guardian. 
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GI.A8SZCAI. TABIiBS. 

TABLES OF LATIN ACCIDENCE. By the Rev. P. 
FROST, M.A., late Fellow of St. John's College, Cambridge. 
Price 1». cloth. 

TABLES OF GREEK ACCIDENCE. By the Rev. P. 
FROST, M.A., late Fellow of St. John's College, Cambridge. 
Price U. cloth. 

FIRST STEPS TO LATIN VERSIFICATION. Scansion 
and Stractnre of the Ovidian Verse. Folded on cloth, 1«. 

PRINCIPLES OF LATIN SYNTAX. Folded on Cloth, 1*. 

THE PRINCIPAL TENSES OF IRREGULAR GREEK 

VERBS OF FREQUENT OCCURRENCE. Folded on cloth, If. 

THE HOMERIC DIALECT ; its leading forms and pecu- 
liarities. By JAMES SKERRETT BAIRD, T.C.D., Anthor of a 
"Catalogue of Greek Veri)6," &c. 8vo., cloth, Is, 6d. 

A CATALOGUE OE GREEK VERBS, Irregular and 
Defective, their leading Formations, Tenses in use, and Dialectic 
Inflexions, arranged in a Tabular form, with an Appendix, containing 
Paradigms for Conjugation, Rules for formation of Teases, Remarks 
on Augment, &c. By J. S. BAIRD. RojtA 8vo., cloth, 3«. 6d. 

RULES FOR THE GENDER OF LATIN NOUNS AND 
THE PERFECTS AND SUPINES OF VERBS; with an Appea- 
dix containing Hints on Latin Construing, for the Use of Schools. 
By the Rev. HERBERT HAINES, M.A.,of Exeter College, Oxford, 
and Second Master of the College School, Gloucester. Price 1«. 6d. 

DR. ROBINSON'S GREEK LEXICON TO THE NEW 

TESTAMENT ; condensed for Schools and Students ; with a Parmf 
Index, containing the Words which occur, and sfunoing their deriva- 
tions. 12mo., 573 pages, price 78. 6rf. cloth. 

'* Making use of the well-directed labour and well-earned fame of Dr. 
Robinson's 'Lexicon,* an English editor prepares this condensed woi^ for 
the use of schools and students. Utility is the main object aimed at, so far as 
the young scholar is concerned, and therefore those parts of the original work 
are most fully given which are most essential to those who are only leamen. 



Thus the inflections of all verbs, in any degree irregular, appear in theii 
order ; and in an appendix a copious parsing index is ^ven. For those who 
have only a slight knowledge of the Greek language, no lexicon will be found 
more useful than Robinson's Lexicon Condenaed.*^— Literary Ocutette. 

GREEK AND ENGLISH LEXICON TO THE NE^' 
TESTAMENT. By JOHN PARKHURST; edited by HUGH 
JAMES ROSE, B.D. New edition, carefully revised, with the 
addition of points to the Hebrew, and an Appendix of Proper Names 
to the New Testament. By J. R. MAJOR, D.D., King's College. 
8vo., 2U. cloth. 
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DOMUS POETENTOSA; or, The Haunted House. By 
the late THOMAS HOOD. Literally rendered into Latin Elegiac 
verse, by the Rev. PHILIP A. LONGMORE, M.A., late Scholar of 
Emmanuel College, Cambridge ; incumbent of Hermitage, near 
Newbury, Berks. Post 8vo. 2». 

PROCEEDINGS OF THE PHILOLOGICAL SOCIETY, 

1842 to 1853. 5 vols. 8vo. 2/. lOs. 

The circulation of these proceedings has hitherto been limited to 
the Society. A few copies have been made complete by reprinting, 
and they are now issued to the public at the above reduced price. 
They contain papers by the most eminent philologists of the day. 

A MANUAL OF HEBREW VERBS, to facilitate the 

acquirement of the various Changes in the different Conjugations of 
Regular and Irregular Verbs. For the Use of Beginners. Svo., 
price Ss. 

A PRACTICAL TREATISE ON THE CONSTRUCTION 
OF THE OBLlQUfi BRIDGE, WITH SPIRAL AND EQUILI- 
BRATED -COURSES. By J. BASHFORTH, M.A., FeUow of St. 
John's College, Cambridge. 8vo., cloth, 99, 

By the same Author. 

A GENERAL TABLE FOR FACILITATING THE 
CALCULATION OP EARTHWORKS. 8vo., with a Slide Table 
on Wood. Price 7*. 6d. 

By the same Author. 

A GENERAL SHEET TABLE FOR FACILITATING 
THE CALCULATION OF EARTHWORKS. Price 2*. 6rf. 

THE ELEMENTS OF EUCLID, BOOKS I— VL, XL 
(1—12), Xlf. (1, 2). A New Text, based on that of SIMSON. 
Edited by HENRY J. HOSE, B.A., late Scholar of Trinity College, 
Cambridge, and Assistant Master of Westminster School. With an 
improved set of Figures, 12mo. price 4«., cloth; or 48, 6d, with a 
graduated series of Exercises. 

** Mr. Hose has supplied all that was wanting in Simson's valuable work to 
render the propositions complete in every part— enunciation, construction, 
demonstration, and coroUarv. All possible hypotheses are taken into account, 
every thing requiring prooi is rigorously demonstrated, a full explanation is 
given of each step, and the corollaries, instead of being barely stated, are 
carefully worked out Other good points about this edition are strict accuracy - 
of expression, and distinctness of arrangement— the several parts of each pro- 
position being dearly marked so as to facilitate the comprehension and 
recollection of the who\v.**—Jlthen{sum, 

*i/^ The Exercises are sold separately, price Is. 



^% 
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MANUAL OF ASTRONOMY : a Popular Treatise on 
Desoriptive, Pbjrsical, and Practical Astronomy ; with a familiar Ex- 
planation of Astronomical InstrumentSt and the best methods of 
nsiogthem. By JOHN DBEW, F.R.A.S. Second Edition. With 
numerous illustrations, price bs., cloth. 

** A very good little manual, with a number of well<engraved maps and 
diagrams, and written in a brief and clear style, yet with sufficient fulness to 
preserve it from dryness."— Guardtan. 

THEORY OF ELLIPTIC INTEGRALS, AND THE 
PROPERTIES OF SURFACES OF THE SECOND ORDER, ap- 

pKed to the Investigation of the Motion of a Body round a Fixed 
Point. By the Rev. J. BOOTH, LL.D. 8vo., 7». 6d, 



ENUNCIATIONS AND COROLLARIES OF THE PRO- 
POSITIONS OF THE FIRST SIX BOOKS OP EUCLID; to- 

gether with the Eleventh and Twelfth. 18mo., sewed, 1«. 

« 

ENUNCIATIONS AND FIGURES BELONGING TO 
THE PROPOSITIONS OF THE FIRST SIX AND PART OP 
THE ELEVENTH BOOK OF EUCLID'S ELEMENTS; usuaUy 
read in the Universities ; prepared for Students in Geometry. By the 
Rev. J. BRASSE, D.D. Fifth edition, Is., sewed. 

THE SAME. Printed on loose Cards, for use in the School 
or Lecture Room, in a Case. 58. 6d, 

A TABLE OF ANTI-LOGARITHMS; containing to Seven 
Places of Decimals, natural Numbers, answering to all Logarithmi 
from 00001 to 99999 ; and an improved Table of Gauss's Logarithm, 
by which may be found the Logarithm to the sum or difference c^ 
Two Quantities where Logarithms are given ; preceded by an Intro- 
duction, containing the History of Logarithms, their Constmctioii, 
and the various Improvements made therein since their inven- 
tion. ByHERSCUELLE.FILIPOWSKL Second edition, rerised 
.and corrected. 8vo., cloth, lbs, 

THE THEORY AND PRACTICE OF GREAT CIRCLE 
SAILING UNDER ONE GENERAL RULE. With Examplei 
by the Rev. P. ROBERTSON, M.A., Examiner in Navigation and 
Nautical Astronomy, Aberdeen. 8vo., sewed. Is, 6d, 
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THS DSVOTZOHAIi I.ZB&ARY. 

Edited by WALTER FARQUHAR HOOK, D.D., Vicar of Leeds. 

A series of Works, original, or selected from well-known Church of 
England Divines, which, from their practical character, as well as their 
cheapness, are peculiarly useful to the Clergy for Parochial Distribution. 

HELPS TO SELF-EXAMINATION, irf. . . . Original. 
THE SUM OF CHRISTIANITY, Id. . . . A. Ellis. 
DIRECTIONS FOR SPENDING ONE DAY WELL, ^d. Synge. 
SHORT REFLECTIONS FOR MORNING AND EVENING, 2d. 
PRAYERS FOR A WEEK, 2d. . Sorooold. [Spinckes. 
The above may also be had, bound together in cloth, as ** Helps to 
Daily Devotion,^* price Sd, 

THE CRUCIFIED JESUS, 3ef 

THE RETIRED CHRISTIAN, 3d 

HOLY THOUGHTS AND PRAYERS, Sd, 

THE SICK MAN VISITED, 3d 

SHORT MEDITATIONS FOR EVERY DAY IN THE 

YEAR, 2 vols. (1260 pp.), cloth, 5*. ; calf, gilt edges, 9*. 
The separate Parts may be had, 
THE CHRISTIAN TAUGHT BY THE CHURCH 

SERVICES. Cloth, 28, 6d. ; calf, gilt edges, 4s, 6d. # 
The separate Parts may be had, 
PENITENTIAL REFLECTIONS FOR DAYS OF 

FASTING AND ABSTINENCE. (Tracts for Lent.) 6d. Compiled. 
RULES FOR THE CONDUCT OF HUMAN LIFE, Id. Synge. 

EJACULATORY PRAYERS, 2d A. Cook. 

PASTORAL ADDRESS TO A YOUNG COMMUNICANT, K 
LITANIES FOR DOMESTIC USE, 2d. . . Compiled. 

FAMILY PRAYERS, cloth, 6d. .... Original. 

COMPANION TO THE ALTAR, cktb, 6d. . . Unknown. 
SACRED APHORISMS, cloth, 9d. . . . Bishop Hall. 

DEVOUT MUSINGS ON THE PSALMS, Parts I. to 

IV., cloth. Is. each ; or 2 vols, cloth, bs, 
THE EVANGELICAL HISTORY OF OUR LORD 

AND SAVIOUR JESUS CHRIST, Part I., 4d.; 

Part II., Sd, ; Part III., 4d. ; or complete in cloth, 2s. ; 

calf, 48. 

CHURCH SCHOOL HYMN BOOK, cloth, 8d. . 
PRAYERS FOR THE YOUNG, ^d 



HORNECK. 

Ken. 
Original. 
Spinckes. 

Original. 



Original. 



Original. 



Reading. 
Compiled. 



%* The smaller Tracts may be had in three vols., under the titles of 



" Aids to a Holy Life," 
Use," 2s. 



2 vols., Zs, 6d. ; and *' Devotions for Domestic 
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SHORT MEDITATIONS FOR EVERY DAY IN THE 
YEAR. Edited by W. F. HOOK, D.D. Four vols., fc»p. 8vo., 
large type, 14«. cloth ; 30«. morocco. 

" Remarkable for the freshness and vigour which are maintained through- 
out.*'— (AriWon Remembrancer. 

"All church people will hail with heartfelt welcome this beautifully print(>d 
edition of a work, the Christian piety and spiritual powers of which have been 
already fully appreciated and deeply felt by thousands of pious and intelligent 
readers."— CftarcA Sunday School Magazine. 

THE CHRISTIAN TAUGHT BY THE CHURCH'S 

SERVICES. Edited by W. F. HOOK, D.D., Vicar of Leeds. New 
Edition in two vols., fcap. 8vo., large type^ fine paper, lOs. ; calf, old 
style, 149. 

" The plan is exceedingly good ; the seasons of the Christian year are ad- 
mirably marked by suitable contemplations."— CAm'tan Bememhrancer, 

HOLY THOUGHTS AND PRAYERS, arranged for Daily 

Use on each Day of the WeeK, according to the stated Hoars of 
Prayer. New Edition, with Additions. 16mo., cloth, 2». ; calf, gilt 
edges, 3s. 

" Well arranged ; . . . and from its ecclesiastical and devotional tone is 
a valuable companion, especially for those whose occupation eives them op' 
portunity for frequent religious exercises."— Cftn'rtuin Bemembrancer. 

VERSES FOR HOLY SEASONS. By C. F. H., Author 
of " Moral Songs," ♦*Tbe Baron's Little Daughter." "The Lord of 
the Forest and his Vassals," &c. Edited by W. P. HOOK, D.D., 
Vicar of Leeds. Third Edition. Cloth, .3«. ; morocco, 69, 6d, 

** An unpretending and highly useful book, suggestive of right thoughts at 
the right season "—English Journal qf Education. 

THE CHURCH SUNDAY SCHOOL HYMN BOOK. 

Edited by W. F. HOOK, D.D. Large paper, cloth, 1*. 6rf. ; calf, 

%* For cheap editions of the above five books, see List of the Devo- 
tional Library. 

A LETTER TO HIS PARISHIONERS ON THE USE 
OF THE ATHANASIAN CREED. By W. F. HOOK, D.D., 
Vicar of Leeds. Sixth Edition. Price 6d,, or 4«. the dozen. 

SERMONS suggested by the Miracles of our Lord and 
Saviour Jesus Christ. By W. F. HOOK, D.D., Vicar of Lee«J». 
Two vols. fcap. 8vo., 10«. cloth. Vol. II. may be had separately to 
complete sets. 
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SERMONS ON THE DOCTRINES AND THE MEANS 
OF GRACE, AND ON THE SEVEN WORDS FROM THE 
CROSS. By GEORGE TREVOR, M.A., Canon of York. 12mo., 
cloth, 6s, 

** A volume of excellent, sound sermons, admirably suited to answer the end 
for which they were preached and are published, the promotion of practical 
piety.**— /o*n Bull. 

** The sermons are manly and earnest in their resolution to look 

the truth in the face, and to enforce it against a prejudiced resistance, of which 
the writer evidently knows but too much ; and they shew, moreover, a true 
conception of the tone by which that resistance is to be met.* *^Scotti8h Epit- 
c^xU Journal. 

PLAIN SERMONS. By the late Rev. EDWARD BLEN- 
COWE. Three vols. fcap. 8vo., cloth, 78, 6d, Each sold separately. 

••Their style is simple ; the sentences are not artfully ednstructed ; and there 
is an utter absence of^all attempt at rhetoric. The language is plain Saxon 
language, from which ' the men on the wall * can easily gather what it most 
cuucems them to know. 

** Again, the range of thought is not high and difScult, but level and easy for 
the wayfaring man to follow. It is quite evident that the author's miod was 
able and cultivated, yet, as a teacher to men of low estate, he makes no display 
of eloquence or argument. 

•• In the statements of Christian doctrine, the reality of Mr. Blencowe's 
mind is very striking. There is a strength and a warmth and a life in his 
mention of the ereat tiuths of the Gospel, which shew that he spoke from the 
heart, and that. Tike the Apostle of old, he could say,— • I belief, and therefoi^ 
have I spoken.' 

•• His affectionateness too is no less conspicuous : this is shewn in the gentle, 
earnest, kind-hearted tone of every Sermon in the book. There is no scolding, 
no asperity of language, no irritation of manner about them. At the same 
time there is no over-strained tenderness, nor affectation of endearment ; but 
there is a considerate, serious concern about the peculiar sius and temptations 
of the people committed to his charge, and a hearty desire and determined 
effort fur their mivAtiQU.*'— Theologian. 

*• Plain, short, and affectionate discourses.'*— jEn^^A Review. 

A HARMONY OF THE SACRAMENTS AND ORDI- 
NANCES OF CHRIST. A Coarse of Sermons, shewing how the 
blessedness of the Christian life consists in nnion with Christ through 
a continued nse of the different means of Grace. By the Rev. C. D. 
KEBBEL, B.A. 12mo. cloth, 5«. 

SERMONS ON THE CHRISTIAN LIFE. Preached in 
Margaret's Chapel, Bath, by ARTHUR J. MACLEANE, M.A., 
Head Master of King Edward's School, Bath. 8vo., doth, 10«. 6d. 

QUESTIONS AND ANSWERS OF THE PLAINEST 
KIND. ON THE NEW TESTAMENT HISTORY. By A. S. M. 

New Edition, 18mo., price 4d, 
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THE TESTIMONY OF SACEED SCBIPTURE, tbe 

Church of tbe First Five Centaries* and the Reformed Chnrch of 
England to the NATURE and EFFECTS of HOLY BAPTISM; 
together with a Short Preliminary Treatise, and an Appendix of 
Extracts from the Baptismal Services of the Ancient Eastern, Roman, 
and Galilean Chnrches, and also from the Baptismal Services of the 
Greek. Syrian, Chaldaean, Armenian, and Coptic Chorchea. By JOHN 
GIBSON, B.D., formerly Fellow and Tutor of Sidney Sussex CeRege, 
Cambridge, Vicar of Brent with Furneux Pelham, Herts. Price 10«. 6d, 
"Mr. Oibson, of Furneux Pelham. has printed, under the title of * Testis 
mony of the Church to Holy Baptism,* a very complete catena of authorities, 
patristic, ritual, and reformed, on the subject. The passages we observe are 
translated, and the work is creditable both to the sciioiarship and Churchman- 
ship of the writer. It brinss together into an available compass what has 
hitnftrto been found in detached and often inaccessible quarters.'* — Christian 
Remembrancer. 

SHORT SERVICES FOR FAMILY WORSHIP. Arranged 

chiefly from the Book of Common Prayer. With a Prefatory Address. 
By JOHN GIBSON, B.D., Vicar of Brent with Furneux Pelham, 
Herts ; late Fellow and Tutor of Sidney Sussex College, Cambridge. 
12mo., cloth, 28, 

The aim of this selection is to furnish a set of Serrices that will 
take in all the great subjects of Family Prayer, and so short that tbe 
busiest household may have time for its devout utterance. It will be 
found suitable for those who have hitherto neglected the duty of 
Family Prayer. 

SACRAMENT OF RESPONSIBILITY ; or, the Testimony 
of Scripture to the teaching of the Church on Holy Baptism, widi 
especial reference to the case of Infants, and Answers to Objections. 
New edition, 6d, ; post free, 7<f. 

This Tract is written to supply a want felt by the writer, as a 
Parish Minister, of a short treatise in which the doctrine of the 
Church, that all infants are regenerated in Holy Baptism, should be 
proved by reference to Scripture alone, and the objections commonly 
urged against it fully and fairly stated, and answered on principles 
which the objectors themselves acknowledge. It has received the 
approbation of seven of our own Bishops, and two of the American 
Episcopal Church. 

THE EFFECT ON THE HUMAN HEART OF THE 
DUE DISCHARGE OF THE DUTIES OF CHRISTIANITY IN 
A FAMILY : an Essay which gained the Denyer Theological Prize in 
1855. By the Rev. JOHN SMITH GILDERDALE, M.A., Oriel 
College, Oxford ; Assistant Master of the Forest School, Waltham- 
stow. Fcap. 8vo. cloth, price 2«. 6d, 
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INFANT BAPTISM A TRUE SACRAMENT. By 
JOHN GIBSON, B.D., formerly Fellow and Tutor of Sidney Sussex 
College, Cambridge ; Vicar of Brent with Farneux Felham Herts. 
3rd edition, 12mo. sewed, -id, 

THE CHURCH OF THE SCRIPTURES, AND THE 
DUTIES OF THE LAITY IN RELATION TO IT. Forty 
pages, 12aio., price 6d, 

'* A tract eootaining much sound principle against Romanism and Dissent.'* 
—English Eevieu). 

** An excellent compendium of ar^ments drawn from holy writ, by which 
the Church may be defended against Romanists and Dissenters."— PamA 
Choir. 

THIRTY SERMONS. By the Rev. ALFRED GATTY, 
M.A., Vicar of Ecclesfield. Second Edition. 12mo., cloth, St. 

A SECOND SERIES OF SERMONS. By the Rev. 
ALFRED GATTY, 12mo., S». cloth. 

** We say willingly of these Sermons, what we can seldom say of sermons 
published at the request of parishioners, that they justify the respect paid to 
them, and appear to us in somewhat the same lieht as we should suppose they 
seemed to those who listened to and admired them. They are sermons of a 
high and solid character, and are the production of a good Churchraan. They 
are earnest and affectionate, and follow out the Church's doctrine.*'— TTitf- 
ologian. 

•• Plain and practical, but close and scholarly discourses."— iS^c/o/or. 

* • Warm-hearted and thoughtful .* * — Guardtan. 

THE VICAR AND HIS DUTIES; being Sketches of 
Clerical Life in a Manufacturing Town Parish. By the Rev. A. 
GATTY, 12mo., cloth, with Frontispiece, 2#. 6^. 

" It unites the merit of lively and faithful sketching, sound principles, and 
popular style.*'— Churchman's Magazine. 

PRAYERS FOR SCHOOLS AND FAMILIES. Compiled 
by the Rev. A. J. MACLEANE, M.A., Head Master of the Grammar 
School, Bath. 8vo., 28, cloth ; 48, calf. 

A PRIEST TO THE TEMPLE ; or, the Country Parson ; 
bis Character, and Rule of Holy Life. B^GEORGE HERBERT. 
Cloth, 2«. ; morocco, As, 6<2. 

THE TEMPLE, SACRED POEMS AND PRIVATE 
EJACULATIONS. By GEORGE HERBERT, 32mo., cloth, 
28. 6d, ; morocco, bs,; morocco extra, by Hayday, at various prices. 
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JOHN SELDEN. Table-talk, being the Discourses of JOHN 
SELDEN, or his Sense of ▼urions Matters of weight and high conse- 
qaence, rdating especially to Religion and the State. Royal 32moM 
cloth, 28, ; moroeco, is. 6d. ; morocco extra, by Hay day, at various 
prices. 

A SHORT EXPLANATION OF THE EPISTLES AND 
GOSPELS OF THE CHRISTIAN YEAR; with Qnestions for 
the Use of Schools. Edited by the Rev. C. MILLER. Royal 32mo., 
cloth, 28, 6d. ; calf, 4«. 6J. 

**The object of this small work is to give some assistance to teachers, in 
imparting to children a simple and practical explanation of the Epistles and 
Gospels of the Christian year. Havins been used with advantage in the school 
for which it was first drawn up, ana havin>^ been approved oy others who 
have had experience in teaching, it is now published at the suggestion of some 
friends who are anxious to propasate right views of education, and who wish 
children, whether rich or poor, to oe trained np in the principles of the Church, 
in order that they may be * wise* unto salvation, and do their duty in that 
state of life unto which the providence of God may call them.**^Pr^aee. 

" A running commentary on the Epistles and Gospels, interspeised with 
short and searching questions, to bring home to the minds of the hearers the 
meaning of what has just been read. The whole, plain and practical, is pub- 
lished as ' A short Explanation of the Epistles and Gospels of the Christian 
Year, with Questions for the Use of Schools.' *' — Guardian. 

PRAYERS FOR CHILDREN. Contains Short and simple 
Prayers for daily lue, as also for Sundays, Holydays, and other occa- 
sional times. The Preface contains some short and simple advice on 
the subject of Prayer. Part I. cloth, price 6d, 

THE CHRISTIAN CHILD'S DAILY HELP. Being 

Part II. of Prayers for Children. Contains short and simple Reli- 
gions Exercises in a form tending to lead to religious yraetice. These 
Exercises being adapted to the teaching oif the Christian Year, it is 
hoped that they may awaken a love for the observance of those Holy- 
days and Seasons by which the Church so carefully seeks to train op 
children for their heavenly inheritance. Cloth, price 6d, ' 

LYRA CHRISTIANA: Poems on Christianity and the 
Church, Original and Selected. From the Works of ROBERT 
MONTGOMERY, M.A., Author of ** The Christian Life," " God 
and Man," &c. 32mo.y cloth, with a coloured Frontispiece, price 4s,; 
morocco, 6». 6 J. • 

PSALMS AND HYMNS for the Use of the Church of 
England at Home and in the Colonies. Selected by the Right Rev. 
J. W. COLENSO, D.D., Bishop of Nat«I. Three Editions, cloth. 
6(/., !«., and If. 6 J. respectively.. .;i<:.vic. ■ .^.t 
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THE CHURCH HYMNAL. A Book of Psalms and 
Hymn8» adapted for tbe Use of the Church of England and Ireland; 
arranged as they are to be snngin Churches. 24mo., cloth, Is. ; 18mo., 
cloth, 28. : they may also be had with, select Psalms at the same price. 
This collection has been sanctioned by the authority of a large 
number of other clergymen, to whom the proof sheets were submitted 
by the Editor previous to publication, for the sake of correction and 
suggestion. It is now in use in several dioceses. 

SYMMETRICAL PSALMODY ; or, Portions of the Psalms 
and other Scriptures translated into Metrical Stanzas, with cor- 
responding Accents on corresponding Verses, for Musical Use. By 
the Rev. W. VERNON HARCOURT, Canon-residentiary of York 
Cathedral. 18mo., cloth, 1^. 6<f. 

*' It will be observed by a very slight inspection of the volume tbat Mr. Har- 
court has profited by his own worlc, for the verses are beautifully correct in 
their rhythm, and supply fine specimens of versification." — Clerical Journal. 

A BOOK OE METEICAL HYMNS, arranged according 
to the Services of the Church of England. By a Clergyman. ISmo., 
cloth, Is. 

LYRA MEMORIALIS: Original Epitaphs and Church- 
yard Thoughts. In Verse. By JOSEPH SNOW. With an Essay 
by WILLIAM WORDSWORTH (reprinted by his permission). A 
New Edition, remodelled and enlarged. 12mo., sewed, Is. 

** The object of Mr. Snow in the volume before us is to sug'gest it purer taste 
and a more impressive st>le in our churchyard memorials, and by every 
word and thought to point through the shadow of the tomb to the brightness 
and light beyond it. His work is, in truth, a treasury of feeling, and we find 
in its simplicity its highest merit. To the clergy this volume may be of signal 
use." — Theologian, 

THE HOUSEHOLDER'S MANUAL OF FAMILY 

PRAYER, accompanied by Short Forms of Devotion to be said in 
Private, intended chiefly for the use of Persons who are engaged in 
the callings of Husbandrv, Mechanical Arts, and Trade. By 
WILLIAM THORNTON, Vicar of Dodford. 12mo., cloth, 1*. 

PSALMS, LESSONS, AND PRAYERS, FOR EVERY 

MORNING AND EVENING IN THE WEEK. Adapted to the 
Use of a Household. Compiled by the Rev. ERNEST HAWKINS, 
B.D. Second Edition. Price 9J., or cloth Is. 

The plan of this little volume will be seen at a glance. A short' Ser- 
vice — compriaiDg a Ptalm, a Lesson from Scripture, and Prayers with 
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Yersicles, or a Litany-^is arranja^d for eTery Morning and Evening in 
the Week. The principal Prayers are purposely repeated, bat some 
variety is given to each Service, by the introUnction of one or more 
suitable Collects; while at the end will be found other Forms of 
Prayer, and a large number of Collects, to be used at the discretion of 
the master of the fkmily. Those for the great Pasts and Festivals 
of the Church should be used during the teaaotu to which they 
belong. 

" Mr. Ernest Hawkins has added to his many other services the publication 
of a very simple and intelligible collection of Family Prayers. Its object is to 
give a devotional manual which has no references or complicattona in it. Its 
arrangetnent Is one of continuous reading, and what we mnch like there are 
prajrers and intercessions for special purposes. A Manual of Prayers for 
working Men, from the same author and publishers, is among the most practical 
and intelligible which we have Been»**—-Chri8tian Bemembrancer, 

MANUAL OF PRAYERS, for the Use more especially 
of Working Men and their Families. Compiled by the Rev. ERNEST 
HAWKINS, B.D. Third Edition. Sewed 2d„ cloth, 4J. 

PubHihedfor the Society for the Propagation of the Gospel in Foreign 

Parte. 
Published Monthly, price One Halfpenny, 

THE GOSPEL MISSIONARY. A Magazine of Missionary 
and Colonial Intelligence, addressed chiefly to the Humbler Members 
of onr Congregations, and the Children of our Schools. 

Vols. I. to IV., containing Nos. i. to xlviii., cloth lettered, now 
ready, 1«. each. 

*^* Country Subscribers are requested to order it through their 
Booksellers. 

INDIAN MISSIONS IN GUIANA. By the Rer. W. H. 
BRETT. Fcap. 8vo., with Wood Engravings, price 5«. bound in 
cloth. 

'* There is an immensity of interesting detail throughout this ▼olune. and 
we trust it may obtain a wide circulation. —ib'n^ilwA Review, 

THE KAFIR, THE HOTTENTOT, AND THE FRON- 
TIER FARMER : Passages of Missionary Life from the Journals nf 
the Venerable Archdeacon MERRIMAN. Third Thousand, with 
Engravings, cloth, lis. 6d. 

** We are glad to give our opinion that a more simple and yet effective record 
of missionary work in an English colony can hardly be found.**— Guardum. 
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TH£ LAND Of THE VEDA: India briefly described in 
some of its Aspects — Physical, Social, IntelleotuaU and Moral. By 
the Rev. PETER PERCIVAL. Crown 8vo., 524 pages, with nearly 
Fifty lilnstrations, price 10«. 6(2. 

** The Land of the Veda is the title ^iren to a serips of sketches of Indian 
manners and literature, originally delivered in the form of lectures at St. 
Augustiue's College, Canterbury, oy the Rev. Peter Peicival. It is a neatly 
got up volume, with many pleasing illustrations, and a very useful ethnoloeical 
map, and contains a great amount of compressed information on all kinds ot 
miscellaneous topics, iilcely to be very serviceable to those who are training 
for missionary work.'*— Crttardian. 



ARCSZTBCTUBE AND ARCZIiEOIiOaV. 

ARCHITECTURAL STUDIES IN FRANCE. By the 

Rev. J. L. PETIT : with Two Hundred and Forty Illustrations from 
Drawings by P. H. D£LAMOTT£ and by the Author. Impl. 8vo. 
2/. 28. 

ILLUSTRATIONS OF ANCIENT ART; Four Hundred 

and Thirty-six Specimens of Objects discovered at Herculaneum and 
Pompeii. With description by the Rev. £. TROLLOPS. 4to. 
doth, 25«. 

*' A caiefal, erudite, and beautiful work, and will no doubt be warmly wel- 
comed by the students of our Universities."— ^<A«n<pufii. 

**Thia elegant volume aims to supply a cheaper and more accessible substi- 
tute for such elaborate works as that published by the Neapolitan Govern- 
ment, or those of Macois, Donaldson, & QvXi.**— -Spectator. 

PROCEEDINGS OF THE ARCH^OLOGICAL INSTI- 

TUTE, IN 1849. Communicated to the Annual Meeting of the 
Archieological Institute, held at Salisbury in July, 1849. 8vo. cloth, 
with 66 illustrations, coloured and plain, 21«. 

Also, separately from the above, 

DIARY OF A DEAN. Being an Account of Silbury Hill, 
and of various Barrows and other Earthworks on the Downs of North 
Wilts, opened and investigated in the months of July and August, 
1849. By the late JOHN MEREWETHER, D.D., F.S.A. Dean of 
Hereford. Thirty-five illustrations, cloth, 7». ftd, 

PROCEEDINGS OF THE ARCH^O LOGICAL INSTI- 
TUTE AT BRISTOL, IN 1851. With numerous Illustrations, 
8vo. 2U. 
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PEOCEEDINGS OF THE AECH^OLOGICAL INSTI- 
TUtE, AT NEWCASTLE, IN 1853. With namerous Engrafings. 
2 vols. 8vo. In the Press. 

GOTHIC ORNAMENTS: being a Series of Examples of 
Enriched Details and Accessories of the Architecture of Great 
Britain. Drawn from existing Authorities. By JAMES K. COL- 
LING, Architect. Royal 4to., cloth. Vol. I., price 3/. 13». 6d; Vol. 
II., price 3/. 16«. 6d, 

The particular object of this work is " to exhibit such a number of 
examples of foliage, and other ornamental details of the different 
styles, as clearly to elucidate the characteristic features peculiar to 
each period ; and drawn sufficiently large in scale to be practically 
useful in facilitating the labours of the Architect and Artist." 

The first volume consists of 104 plates; nineteen of which are 
highly finished in gold and colours. The second volume, of 10& 
plates ; twenty-three of which are in gold and colours. 

DETAILS OF GOTHIC ARCHITECTURE; measured 

and drawn from existing Examples. By JAMES K. COLLING, 
Architect. Royal 4to., published in monthly Nos. at 2«. 6d. 
Vol. I. containing Nos. 1 to 24, 21, 12«. 6J. cloth. 

THE SEVEN PERIODS OF ENGLISH CHURCH 
ARCHITECTURE ; defined and illustrated by EDMUND SHARPS, 
M.A., Architect, M.I.B.A. An Elementary Work showing at • 
single glance the different changes through which our National Archi- 
tecture passed, from the Heptarchy to the Reformation. Twelfe 
Steel Engravings and Woodcuts. Rioyal 8vo. life. 

Each Period, except the first, is illustrated by portions of the In- 
terior aud the exterior of one of our Cathedral Churches of corre- 
spondiug date, beautifully engraved on steel ; so presented as to en- 
able the Student to draw for himself a close comparison of the cbs- 
racteristic features which distinguish the Architecture of each of the 
SfiVBN Periods, and which are of so striking and simple a nature as 
to prevent the possibility of mistake. 

The first, or Saxon Period, contains to few buildings of interest or 
importance, as to render its comparative illustration unnecessary, if 
not impossible. 

THE CHURCHES OF THE MIDDLE AGES ; or. Select 

Specimens of Early and Middle Pointed Structures ; with a few of the 
Purest Late Pointed Examples, illustrated by Geometric and Per- 
spective Drawings. By HENRY BOWMAN and J. S. CROW- 
THER, Architects, Manchester. 2 vols, folio, 10/. 10«. ; tinted, 
11 /. 11«. large paper, 14/. 14». 

" We cau hardly conceive any thing more perfect. We heartily recow* 
anvad the Series to all who are able to patronise it.*'~'£cci€siotogiH, 
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PARISH CHURCHES : being Perspective Views of English 
Ecclesiastical Struct ares ; accompanied by Plans drawn to a Uniform 
Scale, and Letterpress Descriptions. By R. and J. A. BRANDON, 
Architects. Containing 160 Plates, 2 vols, royal 8vo. price 21, 28, 

** I also strongly recommend Braadon's * Parish Churches,* • Open Timber 
Roofs/ and 'Analysis of Oothick Architecture.*'— Tifte Bishop qfFred€rict(m*s 
Charge, 1848. 

^.^N ANALYSIS OF GOTHICK ARCHITECTURE. 
lUnstrated by a Series of upwards of Seven Hundred Examples of 
Doorways, Windows, &c., accompanied with Remarks on the several 
Details of an Ecclesiastical Edifice. By R. and J. A. BRANDON, 
Architects. Two volumes, royal 4to., price 5/. 5«. 

THE OPEN TIMBER ROOFS OF THE MIDDLE 

AGES. Illustrated by Perspective and Working Drawings of some 
of the best varieties of Church Roofs, with Descriptive Letterpress. 
By R. and J. A. BRANDON, Architects. Royal 4to., uniform with 
the ** Analysis of Gothick Architecture." Price 3/. 3«. 

The work consists of perspective views (in some instances coloured) 
and geometrical drawings, showing the construction and the mould- 
ings of the various tiu&bers, and is accompanied with descriptive 
letterpress. 

LECTURES ON GOTHIC ARCHITECTURE, chiefly in 

relation to St. George's Church at Doncaster, delivered in the Town 
Hall there, at Christmas, 1854. By EDMUND BECKETT 
DENISON, M.A., one of Her Majesty's Counsel. 12mo., sewed, 3«. 

aiCHMONDSHIRE ; its Ancient Lords and Edifices : a 
concise Guide to the Localities of Interest to the Tourist and Anti- 
qnary; with Short Notices of Memorable Men. By W. HYLTON 
LONGSTAFFE. Small Svo., with Map, Ss, 6d. 

POCKET CHART OF BRITISH ARCHITECTURE, 

chronologically arranged; containing Seventy-five Figures, with 
a Descriptive Manual. By ARCHIBALD BARRINGTON, M.D. 
Price, on sheet, with Manual, 2», In cloth, with Manual, 3«. 

POCKET CHART OF FOREIGN ARCHITECTURE; 

printed uniformly with the above, with a Descriptive Manual. 
By ARCHIBALD BARRINGTON, M.D. Price, on sheet, with 
Manual^ 2«. In cloth case, with Manual, 3«. 
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CHRONOLOGICAL CHART OF BRITISH ARCHI- 

TECTURE ; with the Genealogy and Armorial Bearings ot the 
Sovereigns of England, and parallel Tables of the most important 
events in British and General History ; with an Explanatory Volume. 
By ARCHIBALD BARRINGTON.' Price, Four Sheets, in wrapper, 
159. In French Case or on Roller, 21«. Roller, Tarnished, 26i. 
The Explanatory Vol. 4«. in addition. 

** The purposes of the Volume, and of the Chart which it is intended to 
accompany, is to enable the teacher to explain, and the learner to understand, 
the genealogy and succession of the Sovereigns of England, and the different 
styles of Ecclesiastical Architecture— two subjects of great importanee. The 
tables of events are printed in bold letters, which readily catch the eye, and 
thus obviate the objection to the generality of Charts, that they present a dense 
mass of type, that repels rather than invites reference. The volume is written 
in a familiar style, and the information explicitly eonyeyed in the way of 
question and answer ; so that, without the formality of set conversations, the 
pupil's observations and inquiries are simply anticipated and satisfied."— 
Spectator, 

TABULAR DISPLAY OF BRITISH ARCHITECTURE; 

with a Manual for Beginners, by which the Dates of our Cathedral 
and other Churches may be easily known. By ARCHIBALD 
BARRINGTON, M.D. Price, with the Manual, on sheet, 4«. In 
case, 5«. On roller, 7«. 6d. On roller, yami^ed, Ss, 6d, The 
Manual by itself. It* 



CHURCH MUSZC^ ETC. 

THE ORDER OF DAILY SERVICE, with the Musical 
Notation, as used in the Abbey Church of St. Peter, Westminster. 
Edited by E. F. RIMBAULT, LL.D., F.S.A., &c. 16mo., half- 
bound, 5«. 

Used at Ely Cathedral and the Temple Church. 

SELECT PSALM AND HYMN TUNES, ancient and 

modern, for Four Voices, with Accompaniment. By THOMAS 
INGRAM. Imperial 8vo, sewed, 2«. 6d. 

'*The selection is a judicious one, comprising only such tunes as are oft 
solid and devotional character. '*~^n^<^«A Journal vif Education. 

PSALTER AND CANTICLES IN THE MORNING 

AND EVENING SERVICES OF THE CHURCH, divided ana 
pointed for Chanting, according to the use at the Temple Churchi 
with Prefatory Directions, and Remarks upon the use of the Grego- 
rian Tones in the English Church. By JOHN CALVERT. 12iiio, 
cloth, 4«. 6(f. ; or strongly sewed and plainly bound in cloth, for use 
of choirs, 1/. 10«. per dozen. 
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THIRTY-TWO SELECT CHANTS; arranged for Four 
Voices, with Accompaniment. By T. INGRAM. Fcap. 8vo, 
sewed, 6d, 

These Chants are printed in small music type. They may bt 
separated and placed in a Psalter or Prayer Book, so as to be eonye- 
niently presented to the eye, along with the Psalm. 

THE CHORAL RESPONSES AND LITANIES OF 
THE UNITED CHURCH OF ENGLAND AND IRELAND, 
collected from authentic sources by the Rev. JOHN JEBB, A.M., 
Rector of Peterstow, Herefordshire. Folio, 30$. 

The present work contains a full collection of the harmonised 
compositions of ancient date ; including nine sets of preces and re- 
sponses, and fifteen litanies, with a few of the more ancient Psalm 
Chants. They are given in full score, and in their proper cliffs. In 
the upper part, however, the treble is substituted for the ** cantus " 
or "medius" cliff; and the whole work is so arranged as not only to 
suit the library of the musical student, but to be adapted for use in 
the Choir. 

In the Preface the authorities for the several documents are stated, 
the variations between the different copies noticed, and a succinct 
history given of this department of the English Choral Service since 
the Reformation. 

THE CHORAL CLASS BOOK ; or, Singer's Manual, for 
use in Churches, Families, Schools, and Choral Societies. By 
THOMAS INGRAM, of the Royal Academy of Music, late Con- 
doctor of the Motett Society, and Choral Master at the College, 
Brighton. 8vo, sewed, 28, 6d. ; cloth, 3«. 6d. 

*' An ably written manual for the study of those who wish to attain to the 
knowledge of takiue a iMtrt in the psalmody and vocal music of our church. 
A good book of tms kind has long been wanting.**— £ngZt«A Journal of 
BaucatUm, 

HYMNS AND THEIR TUNES, selected for public and 
Private Worship; containing 107 Hymns, with Music on the opposite 
page, so as to be presented to the eye simultaneously. 18mo, cloth, 

PSALMS AND HYMNS for the Service of the Church. 
Being a ooUeotion of Tunes, adapted to the various measures of the 
several selections made for the Church, and more particularly to that 
compiled for the use of St. Margaret's, Westminster, by the Rev. 
H. H. MILMAN ; to which are added Chants for the Services and 
Responses to the Commandments, with the words at length, and a 
concise system of chanting to enable all the congregation to join 
therein, selected by J. B. SALE. 4to, 1/. 5«. 
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MEMOIEES OF MUSICK. By the Hon. ROGER NORTH, 

Attorney-Greneral to James I. Now first printed from the original 
MS., and edited, with copious Notes, hj EDWARD F. RIMBAULT, 
LL.D., F.S.A., &c. &c. Handsomely printed in 4to, half hound in 
morocco, with a portrait. The remaining copies are raised in price 
to 30«. 

Abounding with interesting Musical Anecdotes ; the Greek Fables 
respecting the origin of Music ; the rise and progress of Musical In- 
struments ; the early Musical Drama ; the origin of our present 
fashionable Concerts; the first performance of the Bieggar's 
Opera, &c. 



MZSCEXiXiAnrEOUS. 

EXAMPLES OF ORNAMENT. Selected chiefly from 
Works of Art in the British Museum, the Museum of Economic 
Geoloiry, Marlborough House, and the New Crystal Palace. Drawn by 
FRANCIS BEDFORD, THOMAS SCOTT, and THOMAS MAC 
QUOID ; and edited by JOSEPH CUNDALL. Handsomely printed 
in 4to. Nearly ready. 

This Tolume contains 220 different designs, 69 of which are elabo- 
rately coloured : they will be found useful for copying, and for sug- 
gestions to all classes of designers. Descriptive letter-press is attached. 

HISTORY OF ENGLAND, from the INVASION of 
JULIUS CiBSAR to the end of the REIGN of GEORGE II. By 
HUME and SMOLLETT. With the Continuation from the Acoes- 
sion of George III. to the Accession of Queen Victoria. By the Ret. 
T. S. HUGHES, B.D., late Canon of Peterborough. With Historical 
Illustrations, Autographs, and Portraits. Also, Copious Notes, the 
Author's last Corrections, and Improvements. To be completed 
in Seventy-two Weekly Parts, Crown Octavo, with lUustratioDS, 
price One Shilling each ; and in 18 Monthly Volumes, bound in cloth, 
price 4«. each. Vols. 1 to 16 are now ready. 

HISTORY OF ENGLAND, from the ACCESSION of 
GEORGE III., to the Accession of QUEEN VICTORIA. By the 
Rev. T. S. HUGHES, B.D., late Canon of Peterborough. Ne« 
edition, 7 vols., 8vo., 3/. 13«. 6d. 

AN HISTORICAL SKETCH OF THE CRIMEA. By 
ANTHONY GRANT, D.C.L., Archdeacon of St. Alban'a, and 
Vicar of Romford, Essex. Fcap. 8vo., cloth, with a Map, 3«. 6d, 

** We are indebted to Archdeacon Grant for the best and most conelse ac- 
count of the Crimea we have yet seen.*'— Literary Churcftman. 

*' The importance of the Crimea, as a territory, is more completely shorn 
in this little volume than in any other that we have seen.**— wftAtftMVMiir. 
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HITHER AND THITHER ; or, SKETCHES OF 
TRAVEL ON BOTH SIDES OF THE ATLANTIC, containing 
Notes of a Visit to Madeira, Lisbon, Gibraltar, Cadiz, Malta, Rome, 
New York, Canada, Kingston, the Falls of Niagara, Bay of Qninte 
and Montreal. By REGINALD FOWLER, Esq., Barrister-at-law. 
In 8to. price 10«. 6d, 

** A liberal and gentlemanly tone prevails tHrougbout. We have not noticed 
a single reprehensible sentiment. The viewa of American Society are distin- 
guished by a quiet good sense and fveedom Arom prejudice not often met 
with."— Jtt€n«ttm. 

" Mr. Fowler's Sketches are not wanting in interesting details, and the 
narrative is the free outpouring of a steady and careful pen.*'— Zritsrary 
Gagette. 

ON THE STUDY OF LANGUAGE: An Exposition of 
Tooke's Diversions of Purley. By CHARLES RICHARDSON, 
LL.D., Author of ** A New Dictionary of the English Language/' 
12ino., cloth, price 4«. 6d. 

"The judicious endeavour of a veteran philologist to extend the philoso- 
phical study of language by ponulariaing Horn Tooke's * Diversions of Purley.* 
Dr. Richardson has done good service tO the study of language in this very 
judicious and compact recast, for the book is much more thau an abridgment." 
—Spectator. 

A NEW DICTIONARY OF THE ENGLISH 

LANGUAGE. Combining Explanation with Etymology : and Illus- 
trated by Quotations from the best Authorities. By CHARLES 
RICHARDSON, LL.D. New edition, in 2 vols. 4to. In the press, 

*' We have the various acceptations, in which every word has been used by 
approved writers, collected by Dr. Richardson, in a Dictionary such as, perhaps, 
no other language could ever boast j and we have a new guide for the theory and 
oie of languages, exemplifying his (H. Tooke's) principles by applying them to 
our tongue."— Quarf€r/y Review. No. lxx. 

" It is ' an admirable addition to our Lexicography,* supplying a great desi. 
deratum, as exhibiting the biography of each word, its birth, parentage, and 
education, the changes that have befallen it, the company It has kept, and the 
connexions it has formed, by a rich series of quotations, all in chronological 
order.*'— Quarterly Review. March, 1847. 

" In most cases Richardson's Dictionary, the onty one from which I can pro- 
mise you effectual help, for it Is the only English one. In which Etymology 
assumes the dignity of a Science, will put you in the right position for Judging 
why the Word has been suggested to you."— 2VencA on the Study of Word*. 

A NEW DICTIONARY OF THE ENGLISH 
LANGUAGE. Combining Explanations with Etymologies. By 
CHARLES RICHARDSON, LL.D. 8vo., new edition, m the press. 

- 1 should think a work of such merit and utility would find its way into 
public schools. You have rendered a service to all young students and young 
readers, who wish to understand their own language, to which beyond all doubt 
nothing aut simile aat secundum ever existed before.**— 7%e UUe Rev. Canon 
Tate to the Author. 



26 BOOKS PUBLISHED BT 

A HISTORY OF ENGLISH RHYTHMS. By EDWIN 

GUEST, LL.D., F.S.A., Master of Cains College, Cambridge. Two 
vols. 8vo., 1&«. 

REMINISCENCES OF THE UNIVERSITY. TOWN, 

and COUNTY of CAMBRIDGE, from the Year 1780. By the late 
HENRY GUNNING, M.A., Senior Esquire BedeU. Second Edition, 
Two vols., post 8vo., price 21f. 

*' Some of the stories are extremely piquant, and others are interesting as 
pictures of manners and habits of our forefathars, and such as are not to be 
procured from the ordinary records of information wspecting bygone times." 
'-Cambridge Chronicle. 

** We have preferred amusing extracts in such as we have taken from Mr. 
Ounning's * Reminiscences ; ' but let not the reader sapi>ose that there is 
not also grave information in them. The volumes contain interesting notices 
of many very distinguished characters connected with the period they de- 
scribe, and witii whom the author was personally acquatnted.** — Bxaminer, 

POETRY OF THE YEAR: Passages from the Poets, de- 
seriptive of the Seasons, with Twenty-Two Coloured Illostrations from 
Drawings by the following eminent Artists : — ^T. Creswick, R.A. ; C. 
Davidson ; W. Lee ; J. Muller ; E. Duncan ; Birket Foster ; D. Coz; 
H. LeJeune; W. Hemsley; C. Branwhite; J. Wolf; C. Weigall; 
Harrison Weir; R. R. ; E. V. B. ; Lucette E. Barker. Soiali ito., 
handsomely bound in cloth, 25«., morocco 35t., large paper 2^ 2t., 
morocco 21. 12«. 6d. 

** Trying the volume before us by its own pretensions, it may be pro- 
nounced as excellent on the whole,-~a welcome specimen of the progreii 
made in coloured book-illustration, and a tasteful evidence of what our 
English designers can do in illustration of Thomson, Bloomfield, Cowper, 
Clare, Hemans, Tennyson, and other of our poets." — Athenmum, 

SHADES OF CHARACTER; or. The Infant Pilgrim. By 

the late Mrs. WOODROOFFE. Sixth Edition. 2 voIb. 12mo', 

doth, 128. 

By the same, 
THE HISTORY OF MICHAEL KEMP, THE HAPPY 

FA.RMER'S LAD. A Tale of Rustic Life. Seventh Edition. 12ido. 

cloth, 4«. 

MICHAEL THE MARRIED MAN. A Sequel to the 
above. New edition^ 12mo, cloth, 6«. 6<7. 

COTTAGE DIALOGUES; or. Characters and Scenes in 
Rural Life. New edition preparing. 
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THE WIDOWS EESCUB; SELECT EULOGIES; 

SCHOOLED OR FOOLED, a Tale ; with other Literary Reerea- 
tions. Collected and Recollected by Sir FORTUNATUS 
DWARRIS, Knt , B.A., F.R.S., F.S.A. 12mo, cloth, 5*. 

A POETRY BOOK FOR CHILDREN, Illustrated with 

Thirty- three highly finished Engravings, by C. W. Cope, R.A., A. 
Helmsley, S. Palmer, F. Skill, G. Thomas, and H. Weir, price 2*. 6<f. 

THE FAIRY GODMOTHERS AND OTHER TALES. 
By Mrs. ALFRED GATTY, with Illustrations. Small 8vo, cloth, 

PARABLES FROM NATURE. By Mrs. ALFRED 
GATTY. With four lUustrations. 16mo. cloth, price It. 6d. 

THE ENGLISH GENTLEMAN : his Principles, his Feel- 
ings, his manners, his Pursuits. 12mo, sewed, 1«. ; calf or morocco, 
48. 6d, 

"We like him so well as to wish heartily we might meet many such.*'— 
Thtologian. 

** The object of the first of the four essays is to form the principles of a 
gvntleman on a Christian standard. In the other three suhjects, of feelings, 
manners, and pursuits, the views, though sirict, are ol a more worldly kind.** 
—Spectator, 

THE RICHES OF POVERTY. A Tale. By Mrs. 

ECCLES. In Fcap. 8vo, Price 5«. 

**A sound and intelligent book. We can conscientiously recommend it. 
We have gone through it with interest, and are perfectly certain that those of 
our readers who may peruse it, especially such as have children, will thank 
us for drawing attention to a work so innocently amusing and pleasantly in- 
structive. We have no hesitation In pronouncing it one of the best works of 
its kindu**— 'Churchman's Magazine. 

THE HAYMAKERS' HISTORIES. Twelve Cantos in 
TerzaRima. By RUTH ER. 12mo, price 4*. 

*' This is a scholarly little hook, sweet as a meadow at haytime, and full of 
summer influences. We confess this little volume excites our curiosity ; and 
as to the writer* the skill with which the metre is carried through* the almost 
immaculate correctness of the rhymes, and the equality of strength which 
pervades the whole, would indicate a poet of some standing, although -the 
style resembles none that we remember. Really, an imitation of some of 
Crabbe*s works becomes in his hands a poem as dainty and fanciful as the 
garden scenes of Queen Fiaraetta in the * Decamerone.* '^Mhenteum, 

•• Many a faithful miniature of healthy nislic life,"— ff^etiminsler Seview. 

** The bard often rises to the fervour and dignity of a true poet of nature 
and the heart.*'— DudZtn Advertiter. 

LYEIC NOTES ON THE EUSSIAN WAE, by the same 
Author, 12mo., cloth, 1*. 
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THE ENGLISH JOUENAL OF EDUCATION, speciaDr 

designed as a Medium of Correspondence among the Heads of Train- 
ing Colleges, Parochial Clergymen, and all Promoters of sound Edo- 
cation, Parents, Sponsors, Schoolmasters, Pupil Teachers, Sunday 
Teachers, &c. Published Monthly, price 6d. ; Stamped, 7d. ; or in 
adyance, 6«. 6d, a year. A few sets have been made up, and may be 
had in eight volumes, price £3. May be ordered of idl Booksellers 
or Newsmen, or will be sent direct by post on receiving a Post-office 
order, for a Year^ 68. Qd. A Specimen Number on receipt of seven 
stamps. 

*«* This periodical has now been published during eight years, and 
has a wide and increasing circulation amongst Clergymen and 
Teachers. 



AN INDEX TO FAMILIAR QUOTATIONS. Selected 
principally from British Authors, with parallel passages from Varioos 
Writers, Ancient and Modern. By J. C. GROCOTT, Attorney-at- 
Law. 12mo, cloth, 3«. 6d. 

THE HOUSEKEEPING BOOK ; or, FAMILY LEDGER, 

on an improved principle, by which an exact account can be kept of 
income and expenditure, suitable for any year, and may be begun at 
any time. By Mrs. HAMILTON. 8vo, cloth, I*. 6rf. 

*' The simplest and shortest method of a weekly account of housekeeping 
expenses that we have met with. The results are clearly ascertainable at any 
time. Some very seniible advice to young housekeepers is affixed.*'— 
Spectator, 

A PEACTICAL SYNOPSIS OF ENGLISH HISTORY; 

or, A General Summary of Dates and Events, for the use of Schools 
flnd Private Families. By ARTHUR BOWES. Second Edition, 
8vo, doth, 29, 

THE MANUAL OF BOOK-KEEPING; or. Practical 
Instructions to the Manufacturer, Wholesale Dealer, and Retail 
Tradesman, for Keeping and Balancing their Books in an easy and 
simple manner, with an Engraving illustrating the connection of the 
various books with each other. By an experienced Clerk. New edi- 
tion, 12mo, 4«. 

" Rather an Ingenious attempt to attain a chief result of double entry, by an 
extension of the system of single entry, intended chiefly for retail dealers and 
those who do not or cannot emplo v a book-keeper. Each person must, of 
. course, apply the system for himself, modifying the theory to his own case ; 
and by a close attention to the book, he may be able sufficiently to master its 
principles to do so.**— Spectator, 
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SETS OF ACCOUNT BOOKS, Euled according to this 
Bjstem, for Merchants and Retail Dealen, at Tarioas prices from 
3/. 3«. upwards, may be had of the Publishers. 

THE EXECIJTOE'S ACCOUNT BOOK, with Short 

Practical Instructions for the guidance of Executors. By a Solicitor. 
Folio, cloth, 4«. 
*^t* The Forms may be had without the Instructions, for the pur- 
• pose of Probate. Price 28, 6d, 



RUDIMENTARY ART INSTRUCTION for ARTIZANS 

and Others, and for Schools. By JOHN BELL, Sculptor. Pre- 
pared at the request of the Society of Arts. 

Manual 1.— FREE-HAND OUTLINE. Part 1— Outiine from 
Outline, or from the Flat. With One Hundred Illustrations. 
Price 3«. 

Manual 2.— FREE-HAND OUTLINE, Part 2— OutUne from 
Objects, or from the Round. With Sixty Illustrations, price 4<. 

"The rales for plumbing and the elements of perspective are very graphic, 
and are lucidly gifen."— ^tAetusum. 

THE FIRST BOOK OF THE PIANOFORTE, with 

Exercises on Fingering and Questions. By E. F. RIMBAULT. 
It. 6d. 

A TETJE ACCOUNT OF THE LIFE AND DEATH 

OF SIR JOHN KING, Knt. Counsellor at Law to Kuig Charles 
II., Solicitor-General to Jam^ Duke of York, and one of the Masters 
of the Bench of the Society of the Inner Temple. Written by his 
Father in 1677» and now first published from the Original MS. With 
lUustrative Notes. Fcap. 8yo, with a portrait. In the Prtu, 

SELECTIONS FEOM PEECY'S RELIQUES AND 
EVANS'S OLD BALLADS, suitable for committing to Memory, for 
Translation, and for purposes of Criticism. By the Rev. HENRY 
TRIPP, M.A., Fellow of Worcester College, Oxford. I2mo, cloth, 
2f. 6J. 

**The selection has been made with good taste and judgment.*'— CArt«<tVM 
Remembrancer. 

** Your particularly useful little reprint has pleased me much. It is well 
selected, well edited, well printed— Just what was wanted. '*~/''nMi tke Mev. 
J. D, CoUis, M,A., Head-Matter qf Bromgrwe Sekool. 
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THE BELL : its Origin, History* and Uses. By the Rev. 
ALFRED GATTY, vicar of Eccieftfield. Second Edition, with 
Illustrations, 12mo, 3«. cloth. 

'* A new and revised edition of a very varied, learned, and amusing essay oa 
the subject of beWs.**— Spectator, 

THE FIEST BOOK OF BOTANY, according to the 
System of Decandolle. By Mrs. LOUDON, Author of ** Instruc- 
tions in Gardening," &c. 30 woodcuts. Second Edition, 18mo, 
cloth, 1«. • 



HISTOIRE DE FRANCE, DEPTHS LES GAULES 
JUSQU'AU 1 BR JANVIER, 1850. Avec des Notes Poor U Tra- 
duction en Anglais. Ouvrage destine auz Maisons d'Edaeation des 
deux Sexes. Par A. R. DB MONTARCI8 et S. A. MATEUR, 
Professeurs de Francais et D'Histoire. Crown Svo, price 3«. 6<{., 
neatly bound in doth. 

A SHORT AND EASY ACCESS TO THE FRENCH 
LANGUAGE, preceded by a Practical Treatise on Frendi Pronancia- 
tion, and combining all the advantages of Grammars, Exercises, and 
Dialogues. For Self-Instruction and the use of Schools. By F. L. 
MURGBAUD, late Professor of French at Cheltenham College. 
Third Edition, revised and enlarged, by S. A. MAYEUR, Prendi 
Master of the Stepney Grammar School, in union with King's College, 
London. Price 4«. 



AVENTURES DE TELEMAQUE, par FENELON, with 
Notes by C. J. DELILLE, Professor at Christ's Hospital and the 
City of London School. 12mo, 4«. 64. This is the first of a Series of 
Foreign Classics, uniform in size and plan with the Gra/nmar School 
Classics. 

" It is quite a rarity to meet with notes on modem foreign authors convey- 
ing; so much ezplanatOTy.information in so small a space, and such exGelient 
renderings of idiomatic passages, which, even if easy to translate word for 
word, are not so easy to put into good English.*'— iitA^fumin. 



HISTOIEE DE CHAELES XII., pw VOLTAIRE. With 

English Notes, by L. DIREY. In the Prets. 

THE YOUNG LADY'S SCHOOL EECOBD. A Register 
of Studies and Conduct for Half a Year, on a new plan. 8to, 6<(. 



> 



A HAND-BOOK FOR WESTMINSTER ABBEY, with 
Fifty-six Efflbellishments on Wood, engrayed by Ladies, four Etchings 
by D. Cox, Jan., an Illuminated Title representing the Arcades in the 
Chapter House, and a Specimen of the Encaustic Tiles. By FELIX 
SUMMERLY. 12mo, cloth extra, Ts, Boards, 6«. Cheap EdU 
tions, 6J. and Zd, 

"A volume ^ot up in excellent taste, and written in a right spirit; critical 
80 far as criticism could be allowed, but always suggestive, and testing 
opinions by reference to principles. As if to perfect the interest of the work, 
its fifty-six illustrative engravings have all been executed by women j and 
some amateurs. Lady Calloott and Lady Palgrave amongst others, have grace- 
* fully contributed drawings, and thus associated their names with their sister 
artists. The work is professedly a guide-book, and excellent in its way ; but 
it is also a hand&ome volume for a drawing-room table, and worthy an 
honoured place on every lady's library-shelves.'*— ..^/A^fMeum. 

HAND-BOOK TO HAMPTON COURT PALACE. Being 
a Guide to the Architecture, Tapestries, Paintings, Gardens, and 
Grounds of Hampton Court; with numerous Embellishments on 
Wood, engraved by Ladies ; and Plans of the Palace and Grounds, 
from Official Surveys. By FELIX SUMMERLY. New Edition, 
numerous Illustrations, 1«. 

** Decidedly the best popular ^ide to the picturesque beauties of Hampton 
Court of any extant. The writer possesses a discriminating judgment in 
matters of art, and a keen relish for the beauties of nature ; and the circula- 
tion of this pretty little book will contribute to the enjoyment of the visitors, 
and the improvement of public taste." — spectator. 

DAY'S EXCURSIONS TO ERITH, ROCHESTER, AND 
C06HAM, in Kent, with Illustrations and Map ; a Catalogue of the 
Pictures at Cobham Hall, and an Appendix containing the Inscrip- 
tions on the Brasses in Cobham Church, taken from Weever, with 
additions and corrections. By FELIX SUMMERLY. I2mo, 1«. 

HAND-BOOK OF THE NATIONAL GALLERY. Bv 
FELIX SUMMERLY. With Fifty Illustrations drawn ezpreaary 
from the originals by Messrs. John James and William LinnelL 12mo, 
sewed, cheap edition, 6<f. 

The representations in this edition of tly National (Gallery have 
been limited to the smallest practicable scale, varying somewhat ac- 
cording to the character of the pictures. The aim has been to give 
the general character and feeling of the originals, avoiding as of 
secondary importance the " finish" of modern engravings. They are 
essentially painters' woodcuts, and in that reapect their merits are 
analogous to those of painters' etchings. They have been pro- 
nounced by the highest judges to be really excellent works of Art, 
of their class. 

A few copies of the early edition, best impressions. Price Is, 
sewed. 
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'* Learaed, chatty, nsefiil." — AthetUBum, 
Every Saturday, Foolscap 4to., price 4d, ; or stamped, 5d. 

NOTES AND QUEBIES; 

A MBDIUM OF INTERCOMMUNICATION FOR LITKRART MBN, ARTISTS, 
ANTiaUARIBS, GKNBAL06I8T8, PHOTOGRAPHERS, &C. 



Notes and Queries will, it is believed, be found to briug before 
the general reader every week a vast amount of curious and interesting 
information. It was established for the purpose of famishing to all 
lovers of Literature a Commonplace-Book, in which they might, on the 
one hand, record for their own use and the use of others those minute 
facts — those elucidations of a doubtful phrase, or disputed pa8sage->- 
those illustrations of an obsolete custom — those scattered biographical 
anecdotes, or unrecorded dates — which all who read occasionally stumble 
upon ; and, on the other, of supplying a medium through which they 
might address those Queries, by which the best informed are sometimei 
arrested in the midst of their labours, in the hope of receiving solutions 
of them from some of their brethren. The success which has attended 
this endeavour to supply a want long felt by 'literary men is rendered 
manifest by the necessity of permanently enlarging the Paper from 16 to 
24 pages. 

%* For opinions of The Quarterly RevieWf Athemeum, Ejeamineft 
Literary Gazette, Spectator, Dublin Review, &c., as to the utility, &c, 
of Notes and Queries, see Prospectus ; which may be had of the 
publisher, and contains also a list of distinguished Contributors, and of 
the various popular subjects treated by them. 

A Specimen Number gent on receipt qf/ive poMtage itampa. 



NOTES AND QUEEIES 

is also issued in Monthly Parts, for the convenience of those who aaf 
either have a difficulty in procuring the unstamped Weekly Numbers, or 
may prefer receiving it monthly : and is also published in Half-Yearij 
Volumes, each with very copious Index. 

Price 10«. 6d. cloth boards. 
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RECENTLY 

PUBLISHED AT CAMBEIDGE, 

SOLD BY 

BELL AND DALDY, 

186, FLEET STEEET, LONDON. 



CHRIST IN THE WILDERNESS. Four Sermons. 
Preached before the University in the month of February 1855. 
By the Rev. H. GOODWIN, M.A., Late Fellow of GouviUe and 
Gains College, Minister of St. Edward's, Cambridge, and Hulsean 
Lecturer. ]2mo., cloth, 4«. 

By the same Author. 

FOUR SERMONS. Preached before the University of 
Cambridge in the month of November, 1853. 12mo., 4«. 

CONTENTS. 

1. The Young Man cleansing his way. 

2. The Young Man in Religions Difficulties. 

3. The Young Man as a Churchman. 

4. The Young Man called by Christ. 

PARISH SERMONS. First Series. New Edition. 12mo., 6*. 

Second Series. New Edition. 12mo„ 6«. 

Third Series (1855). 12mo., 7*. 

SHORT SERMONS at the Celebration of the Lord's Sup- 
per. 12mo., 4«. 

■ LECTURES UPON THE CHURCH CATECHISM. 

^ •ilfemo.,4*. 

A GUIDE TO THE PARISH CHURCH. Second Edition. 
18mo., 3#. 6d. 



2 BOOKS RECENTLY PUBLISHED AT CAMBRID€^E, 

RATIONAL GODLINESS AFTER THE MIND OF 
CHRIST AND THE WRITTEN VOICE OF HIS CHURCH. 
By ROWLAND WILLIAMS, B.D., Fellow and formerly Tutor of 
King's College, Cambridge, and Professor of Hebrew at Lampeter. 
Post 8vo., 10«. 6d, Jutt published. 

THE BENEFIT OF CHRIST'S DEATH: probably written 
by AoNio Palbario : reprinted in Facsimile from the Italian Edition 
of 1543 ; together with a French Translation printed in 1551 ; from 
Copies in the Library of St. John's College, Cambridge. To which 
is added, an English Version made in 1548, by Edward Courtbnat, 
Earl of Devonshire, now first edited from a MS. preserved in the 
Library of the University of Cambridge. With an Introduction, by 
CHURCHILL BABINGTON, B.D., F.L.S., Fellow of St. John's 
College, Cambridge, and Member of the Royal Society of Literature. 
Preparing, 

A TREATISE ON THE EPISCOPATE OF THE ANTE- 

NICENE CHURCH (with especial Reference to the Early Position 
of the Roman See). By the Rev. G. M. GORHAM, M.A., Fellow 
of Trinity College, Cambridge, and Crosse University Scholar. Fap. 
8vo., 3«. 6d, 

A HISTORY OF THE ARTICLES OF RELIGION. In- 
cluding, among other documents, the X Articles (1536), the XIII 
Articles (1538), the XLII Articles (1552), the XI Articles (^1559), 
the XXXIX Articles (1562 and 1571), the Lambeth Articles (1595), 
the Irish Articles (1615), with Illashrations from the Symbolical 
Books of the Roman and Reformed Communions, and from other 
contemporary sources. By C. HARD WICK, M.A., Fellow and 
Chaplain of St. Catherine's Hall. 8vo., 10«. 6<7. 

ROMA EUIT : The Pillars of Rome Broken. Wherein all 
the several Pleas of the Pope's Authority in England are Revised and 
Answered. By F. FULLWOOD, D.D., Archdeacon of Totnessin 
Devon. Edited, with additional matter, by C. HARDWICK, MJU, 
Fellow of St. Catherine's Hall, Cambridge. 8vo., 10«. 6d, 



PALMER'S ORIGINES LITUEQIC^, an Analysis of; 

Antiquities of the English Ritual, and of his Dissertation on Primi- 
tive Liturgies : for the use of Students at the Universities and Candi- 
dates for Holy Orders, who have read the Original Work. By W. 
BEAL, LL.D., F.S.A., Vicar of Brooke, Norfolk. l2ino., 3n 6rf. 
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< SEEMONS FOE TOUNa MEN, preached before the 

I University of Cambridge during the month of February, 1853, by tbe 

f Rev. W. W. HARVEY, late Fellow of King's College, and Rector of 

I Buckland, Herts. 8vo., 4$. 

ECCLESI^ ANGLICANS VINDEX CATHOLICIJS, 
siYe Articuloram Ecclesiee AnsfUcanae cum Scriptis SS. Patrum nova 
Collatio, cura G. W. HARVEY, A.M., Coll. Regal. Sooii. 3 vols. 
8vo., 12«. 6d, each. 

SBEMONS preached in Lent, 1845, and on several former 
occasions, before the University of Cambridge. By W. H. MILL, 
D.D., Late Regius Professor of Hebrew in the University of Cam- 
bridge. 8vo., 12«. 

POUE SEEMONS preached before the University of Cam- 
bridge, on the Fifth of November, and the Three Sundays preceding 
Advent, in the year 1848. Svo., 5«. 6d, 

PHEASEOLOQY AND EXPLANATOEY NOTES ON 
THE HEBREW TEXT OF THE BOOK OF GENESIS. By the 
Rev. T. PRESTON, M.A., Fellow of Trinity College, Cambridge. 
Crown 8vo., 9«. 6rf. 

A DISCOUESE ON THE STUDIES OP THE UNI- 
VERSITY OF CAMBRIDGE. By A. SEDGWICK, M.A., F.R.S., 
Fellow of Trinity College, and Woodwardian Professor, Cambridge. 
The Fifth edition, with Additions and a copious Preliminary Disser- 
tation. 8vo. 12«. 6rf. 

SBEMONS preached in the Chapel of Trinity College, 
Cambridge. By W. WHEWELL, D.D., Master of the College. 8vo., 
10«. 6d. 

THE GREEK TESTAMENT: with a Critically Revised 
Text ; a Digest of various Readings ; Marginal References to Verbal 
and Idiomatic Usage ; Prolegomena ; and a Critical and Ezegetical 
Commentary. For the use of Theological Students and Ministers. 
By H. ALFORD, M.A., late Fellow of Trinity College, Cambridge. 
In 3 vols. 

Vol. I., 2nd Edition, containing the Four Gospels, II. 12«. 
Vol. II., 2nd Edition, containing the Acts of the Apostles, the 
Epistles to the Romans and Corinthians, 1/. is. 



BOOKS RECENTLY PUBLISHED AT CAMBBIDGE, 



BP BUTLER'S THREE SERMONS ON HUMAN 

NATURE, and Dissertation on Virtue. Edited by W. WHEWELL, 
D.D., Master of Trinity College, Cambridge. With a Preface and i 
Syllabus of the Work. Third Edition. Fcp. 8vo., 3«. 6d, 

BP. BUTLER'S SIX SERMONS on MORAL SUBJECTS. 

A Sequel to the '* Three Sermons on Human Nature." Edited by 
W. WHEWELL, D.D., with a Preface and a SyUaboa of the Wort 
Fcp. 8vo., 3«. 6d. 

THE HISTORY AND THEOLOGY OF THE "THREE 



CREEDS." By the Rev. W. W. HARVEY, M.A.. Rector of Bock. 
land, Herts., and late Fellow of King's College, Cambridge. 2 ▼oil. 
Post 8vo., 14«. 

AN HISTORICAL AND EXPLANATORY TEEATISB 
ON THE BOOK OF COMMON PRAYER. By the Rev. W. G. 
HUMPHREY, B.D., late Fellow of Trinity College, Cambridge, 
Examining Chaplain to the Lord Bishop of London. Post Svc, 7«. M, 

THE PROTAGORAS OF PLATO. The Greek Teit. 
Edited, with English Notes, by WILLIAM WAYTE, B.A., Fdlow 
of King's College, Cambridge, and Assistant- Master at Eton. 8va, 
> b8,6d, 

A TREATISE ON HANNIBAL'S PASSAGE OF THE 

ALPS. In which his Route is traced orer the Little Mont Ceois. 
With Maps. By R. ELLIS, B.D., Fellow of St. John's College, 
Cambridge. 8vo., ?». 6d. 

ANNOTATIONS ON THE ACTS OF THE APOSTLES. 

Designed principally for the use of Candidates for the Ordinary B.A 
Degree, Students for Holy Orders, &c., with College and Senate- 
House Examination Papers. By T. R. M ASKEW, M.A., of Sidney 
Sussex College, Cambridge ; Head-Master of the Grammar Sefaooti 
Dorchester. Second Edition, enlarged. 12mo., 5«. 

AN ANALYSIS OF THE EXPOSITION OF THIS 

CREED, written by the Right Reverend Father in God, J. PEARSON, 
D.D., late Lord Bishop of Chester. Compiled, with some additionil 
matter occasionally interspersed, for the use of the Students of 
Bishop's College, Calcutta. Thurd Edition, revised and corrected. 
8to., 5«. 
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^ DISSEETATIONS ON THE EUMEISTIDES OF ^S- 



CHYLUS : with Critical Remarks and an Appendix, Translated from 
the German of C. O. Muller. Second Edition. 6s, 6d, 



DEMOSTHENES DE EALSA LEQATTONE. By R. 

SHILLETO, M.A., Trinity College, Cambridge, and Classical Lee 
turerat King's College. Second Edition, carefully revised. 8vo., 
8«. 6d. 



DEMOSTHENES, Translation of Select Speeches of; with 
Notes. By C. R. KENNEDY, M.A,, Trinity College, Cambridge. 
12mo., 98, 



EOLIOEUM SILVULA: a Selection of Passages for 

Translation into Greek and Latin Verse, mainly from the University 
and College Examination Papers. Edited by H. A. HOLDEN, M.A., 
Vice-Principal of Cheltenham College, Fellow and late Assistant 
Tutor of Trinity College, Cambridge. Post 8vo,, 7*. 



FOLIOEUM CENTURL^. Selections for Translation 
into Latin and Greek Prose, chiefly from the University and College 
Examination Papers. Edited by H. A. HOLDEN, M.A., Vice-Prin- 
cipal of Cheltenham College, Fellow and late Assistant Tutor of 
Trinity College, Cambridge. Post 8\o., 78, 



PEOPERTIIJS. With English Notes, a Preface on the 
State of Latin Scholarship, and copious Indices. By F. A. PALEY, 
Editor of ^schylus. 8vo., lOs. 6d. 



AEUNDINES CAMI. Sive Musaruni Cantabrigiensium 
Lusus Canon; coUegitatque edidit H. DRURY, A.M. Editio quarta. 
8vo., 12«. 



DEMOSTHENES' SELECT PEIVATE OEATIONS, 

after the Text of Dindorf, with the various Readings of Reiskb and 
Bekkbb. With English Notes, by the Rev. C. T. PENROSE, M.A. 
For the use of Schools. Second Edition. 4«. 



6 BOOKS RECENTLY PUBLISHED AT CAMBRIDGJC, 

THE APOLOGY OF TEETULLIAN. With English 

Notes, and a Preface, intended as an Introduction to the Study of 
Patristical and Ecclesiastical Latinity. Second edition. By H. A. 
WOODHAM, LL.D., Late Fello^if of Jesus College, Cambridge. 
8vo , Ss. ed. 

PASSAGES IN PEOSE AND VEESE FEOM ENGLISH 
AUTHORS for Translation into Greek and Latin; together with 
selected Passages from Greek and Latin Authors for Translation into 
English : forming a regular coUrse of Exercises in Classical Composi- 
tion. By the Rev. H. ALFORD, M.A., late Fellow of Trinity Col- 
lege, Cambridge. Sto.^ 6«. 

YnEPIAHS RATA AHMOS0ENOYS. The Oration of Hy- 
perides against Demosthenes, respecting the Treasure of Harpalus. 
The Fragments of the Greek Text, now first edited from the Facsimile 
of the MS. discovered at Egyptian Thebes in 1847 ; together with 
other Fragments of the same Oration cited in Ancient Writers. 
With a Preliminary Dissertation and Notes, and a Facsimile of t 
portion of the MS, By C. BABINGTON, M.A., Fellow of St. John's 
College, Cambridge. 4to., 6«. 6d. 

VAEEONIANIJS. A Critical and Historical Introduction 

to the Philological Study of the Latin Language. By the Rev. J. W. 
DONALDSON, D.D., Head-Master of Bury School, and formerly 
Fellow of Trinity College, Cambridge. Second edition, considerably 
enlarged. 8vo., lis, 

EUEIPIDIS ALCESTIS. Ad fidem Manuscriptorum ac 
veterum editionum emendavit et Annotationibus instmzit J. H. 
MONK, S.T.P., Grsecarum Literarum apud Cantabrigienses olim 
Professor Regius. Editio Septima. 8vo., As, 6d, 

EUEIPIDIS HIPPOLTTUS COEONIFEE. Ad fidem 

Manuscriptorum ac veterum editionum emendavit et Annotationibis 
instruxit J. H. MONK, S.T.P. Editio quinta, recensita et emendtti. 
8vo., bs. 

EUEIPIDIS TEAGGEDI^ Priores Quator, ad fidem 

Manuscriptorum emendatse et brevibus Notis emendationum potissi- 
mum rationes reddentibus instructse. Edidit. R. \PORSON, A.M. 
Sec, recensuit suasque notulas subjecit J. SCHOLEFIELD. Editio 
tertia. Svo., 10«. 6d. 
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SCHLEIEEMACHEE'S INTEODUCTIONS TO THE 

DIALOGUES OF PLATO. Translated from the German by 
W. DOBSON, M.A., Fellow of Trinity College, Cambridge. 8vo., 
I2i. 6d. 

GEEEK TEAGIC SENAEII, Progressive Exercises in, 
followed by a Selection from the Greek Verses of Shrewsbury School, 
and prefaced by a short Account of the Iambic Metre and Style of 
Greek Tragedy. By the Rev. B. H. KENNEDY, D.D., Prebendary 
of Lichfield, and Head Master of Shrewsbury School. For the use 
of Schools and Private Students. Second edition, altered and re- 
vised. 8vo., Sf, 

M. A. PLATJTI MEN^CHMEI. Ad fidem Codicum qui 

in Bibliotbeca Musei Britannici exstant aliornmque nonnullorum recen- 
suit, Notisque et Giossario locuplete instruxit, J. HILDYARD, A.M., 
€tc Editio altera. 8?o., 7«. 6d, 

COENELII TACITI OPEEA. Ad Codices antiquissimos 
exacta et emendata, Commentario critico et exegetico illustrata. 
Editit F. RITTER, Prof. Bonnensis. 4 vols. 8vo., 1/. 8«. 
A few copies printed on thick vellum paper, imp. 8vo., 4/. 49, 

THEOCEITTJS. Codicum Manuscriptorum ope recensuit 
et emendavit C. WORDSWORTH, S.T.P., Schol» Harroviensis Ma- 
gister, nuper Coll. SS. Trin. Cant. Socius et Academise Orator Pub- 
licus. 8vo. 13«. 6d, 

A few copies on large paper. 4to., 1/. lOs. 

A COLLECTION OF PEOBLEMS in lUustration of the 
PRINCIPLES OF THEORETICAL MECHANICS. By W. 
WALTON, M.A., Trinity College, Cambridge. Second Edition. 
Preparing, 

A COLLECTION OF PEOBLEMS in lUustration of the 
PRINCIPLES OF THEORETICAL HYDROSTATICS and HY- 
DRODYNAMICS. By W. WALTON, M.A., Trinity CoUege, Cam- 
bridge. 8vo., 10«. 6d, 

A MANIJAL OF THE DIFFEEENTIAL CALCULUS. 

With Simple Examples. By HOMERSHAM COX, B.A., Jesus 
College, Cambridge. Crown 8vo., 4s. 



8 BOOKS RECENTLY PUBLISHED AT CAMBRIDGC, 

NEWTON'S PEINCIPIA, the First Three Sections of, 
with an Appendix ; and the Ninth and Eleventh Sections. Edited 
by the Rev. J. H. EVANS, M.A., late FeUow of St. John's College, 
and Head Master of Sedburgh Grammar School. Fonrth Edition. 
8vo., 6*. Just pvJilUhed. 

A COLLECTION OF PROBLEMS in lUnstration of the 
PRINCIPLES OF THEORETICAL MECHANICS. By W. WAL- 
TON, M.A., Trinity College, Cambridge. Second Edition. Preparing, 

A COLLECTION OF PROBLEMS in lUnstration of the 
PRINCIPLES OF THEORETICAL HYDROSTATICS and HY- 
DRODYNAMICS. By W. WALTON, M.A., Trinity CoUege, 
Cambridge. 8vo., 10«. hd, 

A TREATISE ON THE DIFFERENTIAL CAL- 
CULUS. By W. WALTON, M.A., Trinity CoUege, Cambridge. 
8vo., 10». 6d. 

PROBLEMS IN ILLUSTRATION OF THE PRIN- 
CIPLES OF PLANE COORDINATE GEOMETRY. By W. 
WALTON, M.A., Trinity College, Cambridge. Svo., 16*. 

THE ELEMENTS OF ALGEBRA. By the Eev. J. 

HIND, M.A., F.P.S., & F.R.A.S., late Fellow and Tutor of Sidney 
Sussex College, Cambridge. Sixth edition. Revised and reduced to 
10*. 6£f. 

THE PRINCIPLES AND PRACTICE OF ARITH- 
METIC, comprising the Nature and Use of Logarithms, with the 
Computations employed by Artificers, Gagers, and Land Surveyors, 
designed for the use of Students. Seventh edition. 12mo., 4*. 6J. 
boards. 

A KEY TO THE ARITHMETIC, with an Appendix 
consisting of Questions for Examination in all the Rules of Arithme- 
tic. Second edition. In the Press, 

THE ELEMENTS OF PLANE AND SPHERICAL 
TRIGONOMETRY, with the Nature and Properties of Logarithms 
and the construction and use of Mathematical Tables. Fifth edition, 
nearly ready, 12mo., boards, 6*. 
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THE PEINCIPLES AND PEACTICE OF AEITH- 

METICAL ALGEBRA : Established upon strict methods of Ma- 
thematical Reasoning, and Illustrated by Select Examples proposed 
during the last Thirty Years in the University of Cambridge. De- 
signed for the use of Students. By the Rev. J. HIND, M.A., F.P.S., 
and F.R.A.S., late Fellow and Tutor of Sidney Sussex College, Cam- 
bridge. Third Edition. 12mo., 5». 

THE PEIJSrCIPLES OF THE DIFFEEENTIAL CAL- 
CULUS. Second edition. Svo.^ I6«. boards. 

AN ELEMENTAET COTJESE OF MATHEMATICS, 

designed principally for Students of the University of Cambridge. 
By the Rev. HARVEY GOODWIN, M.A. Fourth Edition. 8vo., 
15*. 

ELEMENTAET STATICS, designed chiefly for the use of 

Schools. Crown 8vo.« 6«. 

ELEMENTAET DTNAMICS, designed chiefly for the 
use of Schools. Crown 8vo., 5«. 

*^* The two books bound together, 10*. 6d. 

A COLLECTION OF PEOBLEMS AND EXAMPLES, 
adapted to the " Elementary Course of Mathematics.*' With an 
Appendix, containing the Questions proposed during the first Three 
Days of the Senate- House Examinations in the Years 1848, 1849. 
1850, and 1851. Second Edition. 8vo., 6». 

AN ELEMENTAEY TEEATISE ON PLANE COOE. 

DINATE GEOMETRY, with its Application to Curves of the 
Second Order. By the Rev. W. SCOTT, Mathematical Lecturer, 
Sidney Sussex College, Cambridge. Crown 8vo., 5«. 6d, 

CAMBErDOE UNIVEESITT CALENDAR for 1855, 
(Continued Annually.) 12mo., cloth, 6t. 6d. 

CAMBEIDOE UNIVEESITT ALMANAC for the Tear 
1855. Embellished with a Line Engraving, by Mr. E. RAD- 
CLYFFB, of a View of Trinity College Library and St. John's 
College New Buildings, from a Drawing by B. RUD6E. (Con- 
tinued Annually.) 5». 
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SERMONS, DOCTRINAL AND PRACTICAL. By the 
Rev. WILLIAM ARCHER BUTLER, M.A., late Professor of 
Moral Philosophy in the University of Dablin. Edited, with a 
Memoir of the Author's Life, by the Rev. THOMAS WOODWARD, 
M.A., Vicar of Mullingar. With Portrait. Third Edition. 8vo. 
cloth lettered, 12«. 

A SECOND SERIES OF SERMONS. By the Rev. 
WILLIAM ARCHKR BUTLER, M.A., late Professor of Moral 
Philosophy in the University of Dublin. Edited, from the Author's 
Manuscripts, by J. A. JEREMIE, D.D., Regius Professor of 
Divinity in the University of Cambridge. In the Press. 

LETTERS ON ROMANISM, in Reply to Mr. Newman's 
Essay on Development. By the Rev. WILLIAM ARCHER 
BUTLER, M.A., late Professor of Moral PhUosophy in the Univer- 
sity of Dublin. 8vo. cloth, I0«. 6^. 

CAMBRIDGE IN THE SEVENTEENTH CENTURY : 

Part I. containing— Lives of NICHOLAS FERRAR, Fellow of 
Clare HaU. By HIS BROTHER JOHN, and by DR. JEBB. 
Edited, with Notes, from the MSS. in the Public Library and in St. 
John's College, by J. E. B. MAYOR, M.A., Fellow and Assistant 
Tutor of St. John's College. Fcp. 8vo. 7s, 6<f. 

VILLAGE SERMONS. By the Right Rev. JOHN 
WILLIAM COLENSO, D.D., Bishop of Natal. Second edition. 
Fcp. 8vo. cloth, 2s. 6d, 

SELECT READINGS ON THE HOLY COMMUNION. 
By the Right Rev. JOHN WILLIAM COLENSO, D.D., Bishop of 
Natal. Stiff cover Is, ; cloth, lettered, 2s. 6d. 

THE FIRST THREE SECTIONS OF NEWTON'S 

PRINCIPIA. With Notes and Problems in illustration of the sub- 
ject. By PERCIVAL FROST, M.A., late Fellow of St. John's 
College, Cambridge, and Mathematical Lecturer of Jesus College. 
Crown 8vo. cloth, lOs. 6d. 

THUCYDIDES, Book VI. The Greek Text, and English 
Notes : with a Map of Syracuse. By PERCIVAL FROST, Jun., 
M.A., late Fellow of St. John's College, Cambridge. 8vo. cloth, 
7s. 6d. 
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A HISTOET OF THE CHEISTIAN CHUECH, 

during the Middle Ages. By the Rev. CHARLES HARDWICK, 
M.A., Fellow of St. Catharine's Hall, and late Cambridge Preacher at 
the Chapel Royal, Whitehall; Author of '* A History of the XXXIX. 
Articles.'' With Four Maps constructed for this work by A. KEITH 
JOHNSTON, Bsq. Crown 8vo. cloth, 10». 6rf. 

EXEECITATIONES lAMBICAE ; or. Progressive Exer- 
cises in Greek Iambic Verse. To which are prefixed, the Rules of 
Greek Prosody, with copious Notes and Illustrations of the Exercises. 
By E. R. HUMPHREYS, LL.D., Head Master of the Cheltenham 
Grammar SchooL Second Edition. Fcap. cloth, 5». 6d. 

JUVENAL : chiefly from the Text of Jahn. With English 
Notes for the Use of Schools. By J. E. B. MAYOR, M.A., Fellow 
of St. John's College, Cambridge. Crown 8vo. cloth, 10«. 6d. 

"WESTWARD. HO!'' being the Voyages and Adventures of 
Sir Amyas Leigh, of Burrow, County of Devon, in the Reign of Queen 
Elizabeth of glorious memory. By the Rev. C. KINGSLEY. Rector 
of Eversley. 3 vols., 1/. 11*. 6<7. 

ALEXANDRIA AND HEE SCHOOLS: being Four 

Lectures delivered at the Philosophical Institution, Edinburgh. With 
a Preface. By Rev. C. KINGSLEY, Canon of Middleham, and 
Rector of Eversley ; Author of ** Phaethon." Crown 8vo. cloth, 5«. 

PHAETHON ; or. Loose Thoughts for Loose Thinkers. By 
the Rev. CHARLES KINGSLEY, Canon of Middleham, and Rector 
of Eversley ; Author of ** The Saint's Tragedy,'' &c. Second Edition. 
Crown 8vo. boards, 2«. 

THE DOCTRINE OE SACRIFICE DEDITCED FROM 

THE SCRIPTURES. With a Dedicatory Letter to the Young Men's 
Christian Association. By FREDERICK DENISON MAURICE, 
M.A., Chaplain of Lincoln's Inn. Crown 8vo. cloth, 7«. 6(f. 



LECTURES ON THE ECCLESIASTICAL HISTORY 

OF THE FIRST AND SECOND CENTURIES. By FREDERICK 
DENISON MAURICE, M.A., Chaplain of Lincohi's Inn. &vo. 
cloth, lOi. 6d, 
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THE PEOPHETS AND KINGS OF THE OLD TES- 
TAMENT. By FREDERICK DENISON MAURICE, M.A., 
Chaplain of Lincoln's Inn. Crown 8vo. Second Edition. lOs. 6d. 

LEARNING AND WORKING. By FREDERICK 
DENISON MAURICE, M.A., Chaplain of Lincoln's Inn. Crown 
8vo. cloth, 5». 

THEOLOGICAL ESSAYS. By FREDERICK DENISON 

MAURICE, M.A., Chaplain of Lincoln's Inn. Second Edition, with 
a new Preface and other additions. Crown 8vo. cloth, lOt. 6d. 

SALLUST. The Latin Text, with English Notes. By 
CHARLES MERIVALE, B.D., late Fellow and Tator of St. John's 
College, Cambridge, &c. Author of a " History of Rome,'' &c. 
Crown 8vo. cloth, 5«. 

THE OCTAVIUS OF MINUCIUS FELIX. Translated 
into English by LORD HAILES. Fcap. 8vo. cloth, 3«. 6d, 

ELEMENTARY MECHANICS. Accompanied by nume- 
rous Examples solved Geometrically. By J. B. PHBAR, M.A., 
Fellow and Mathematical Lecturer of Clare Hall, Cambridge. 8vo. 
cloth, 10«. 6d, 

ELEMENTARY HYDROSTATICS. Accompanied by 

numerous Examples. By J. B. PHEAR, M.A., Fellow and Ma- 
thematical Lecturer of Clare Hall, Cambridge. Crown Svo. cloth, 
b8. 6d, 

A HISTORY OF THE BOOK OF COMMON PRAYER: 

with a Rationale of its Offices. By the Rev. FRANCIS PROCTER, 
M.A., late Fellow of St. Catharine Hall, and Vicar of Witton, Nor- 
folk. Crown 8vo. cloth, 10«. 6d. 

AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAICAL GEOMETRY. With a numerous 
collection of Easy Examples progressively arranged, especially de- 
signed for the use of Schools and Beginners. By G. HALE PUCKLE, 
M.A., St. John's College, Cambridge, Mathematical Master in the 
Royal Institution School, Liverpool. Crown 8vo., cloth, 7». 6d, 

THE RESTORATION OF BELIEF. Complete in One 

Volume, crown 8vo. cloth, 8s. 6d. , 
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THE CATECHIST'S MANUAL; or, the Church Cate- 
chism illustrated' and explained. By the Rev. ARTHUR RAMSAY, 
M.A., of Trinity College, Cambridge. 18mo., cloth, 3«. 6d, 

THE WOEK OF CHEIST IN THE WOELD. Four 
Sermons, preached before the University of Cambridge, on the Poor 
Sundays preceding the Advent of our Lord, 1854. By G. A. 
SELWYN, D.D., Bishop of New Zealand, and formerly Fellow of 
St. John's College. Third edition. Crown 8vo., 28. 

AEITHMETIC AND ALQEBEA, in their Principles and 

and Application : with numerous systematically arranged Examples, 
taken from the Cambridge Examination Papers. With especial 
reference to the ordinary Examination for B.A. Degree. By 
BARNARD SMITH, M.A., FeUow of St. Peter's College, Cam- 
bridge. Crown 8vo., cloth, 10#. 6d. 

AEITHMETIC FOE THE USE OF SCHOOLS. By 
BARNARD SMITH, M.A., Fellow of St. Peter's CoUege. Crown 
8vo., cloth, 4». 6d. 

THE ELEMENTS OF PLANE AND SPHEEICAL 

TRIGONOMETRY. Greatly improved and enlarged. By J. C. 
SNOWBALL, M.A., Fellow of St. John's College, Cambridge. A 
new and cheaper (the Eighth) edition. Crown 8vo., cloth, 7«. 6d. 

A TEEATISE ON THE DIFFEEENTIAL CAL- 
CULUS ; and the Elements of the Integral Calculus. With nume- 
rous Examples. By I. TODHUNTER, M.A., FeUow and Assistant 
Tutor of St. John's College, Cambridge. Crovm 8vo., cloth, 10«. 6d. 

A TEEATISE ON ANALYTICAL STATICS, with 

numerous Examples. By I. TODHUNTER, M. A., Fellow and Tutor 
of St. John's College, Cambridge. Crown 8vo., cloth, I0«. 6d. 

A TEEATISE ON PLANE CO-OEDINATE GEO- 
METRY, with numerous examples. By I. TODHUNTER, M.A., 
Fellow and Assistant Tutor of St. John's College, Cambridge. 

SYNONTIVIS OF THE NEW TESTAMENT. By 
RICHARD CHENEVIX TRENCH, M.A., Vicar of Itchehstoke, 
Hants, Professor of Divinity, King's College, London, and Examining 
Chaplain to the Bishop of Oxford. Second edition, revised. Fcp. 8vo., 
cloth, 5«. 

I 
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HULSEAN LECTUEES, FOE 1845-46. Third edition. 
Contents. 1. — ^The Fitness of the Holy Scriptures for unfolding 
the Spiritual Life of Man. 2. — Christ the Desire of all Nations ; or, 
the Unconscious Prophecies of Heathendom. By RICHARD 
CHENEVIX TRENCH, M.A., Vicar of Itchenstoke, Hants, Pro- 
fessor of Divinity, King's College, London, and Examining Chaplain 
to the Bishop of Oxford. Fcp. 8vo., cloth, 5«. 

CLASSICAL AND SACEED PHILOLOGY. Nos. I., 

IL, IIL, and IV. ; also Vol. I., price 12«. 6(f., already published. 

*:it* Three Numbers published annually, at 4s. each. 

CLERICAL PAPERS, ON THE MINISTERIAL DU- 
TIES, and Management of a Parish; edited by the Rev. W. H. 
PINNOCK, LL.D. Now publishing on the First of every other 
Month. Price One Shilling each Number. 

No. I. Curacy with a Title, Ordination, &c., with Hints 
and Instructions. — No. II. Priest's Orders, and the Stipendiary 
Curate ; with Hints and Instructions. — Nos. III., IV. The Legal 
Enactments affecting the Stipendiary Curate. — No. V. Lkc- 
[ turers, Chaplains, Clerks-in-Orders and Readers, with the 
Laws and Usages. — No. VI. The Officiating Minister, and the 
Laws of the Liturgy. — No. VII. The Sunday and Wbek-Day 
Sbrviobs ; and the Statute Laws of the Sunday. — No. VIII. Holy- 
Days, Division of Services, &c., and Rites, and Ceremonies. — 
No. IX. Order and Decorum in Public Worship, with the Statute 
Laws. — No. X. Place of the Minister, and Ornaments and 
Goods of the Church. — No. XI. Bells and Bell-Ringers : Sbr- 
vice-Books, &c. — No. XII. Communion-Table, audits Furniture. 
— No. XIII. Communion Plate. Credence-Table, Font, &c. 
— No. XIV. Lecterns, Lights, and Laws of Monuments ^ and 
Gravestones, — No. XV. Organs and Organists. Control over the 
Organist and Singing. — No. XVI. Sedilia and Altar-Chairs — 
Table of Benefactions — Table of Lbvitical Degrees, Ten 
Commandments — Terrier, &c., with the Laws and Usage. — 
Nos. XVII.. XVIII., XIX. The Ecclesiastical Vestments, &c 
&c. — No. XX. Titles and Indexes to above. 

\* Fifteen Numbers of the above are put into 3 vols. ; each vol. may 
be had separately, at bs, 6d, per vol. 

A FIRST COURSE OF MATHEMATICS. Comprising 

Arithmetic, Algebra, Stiatics, and Hydrostatics, as required for the 
Ordinary B.A. Degree. With Examples and a Key. By the Rev. 
J. HATTERSLBY, M.A., St. John's College, Cambridge. 8vo., 
bds., Ss, 



AND BOLD BY'bKLL AKD DALDT, 186, FLEET STBEET. 15 

AN EASY, PRACTICAL HEBREW GRAMMAR ; with 
Exercises for Translation from Hebrew into English, and from 
English into Hebrew. To which is attached, The Fountains of 
Salvation; being a Translation, with Notes, Critical and Ex- 
planatory, of Isaiah liii. Also, a KEY to the EXERCISES. By 
the Rev. P. H. MASON, M.A., Fellow, and Hebrew Lecturer of 
St. John's CoUege, Cambridge ; and HERMANN HEDWIG BER. 
NARD, Hebrew Teacher in the University, Cambridge. Price of the 
complete work, in 2 vols. 8vo., 28«. 



COMPENDIUM THEOLOGICUM; or, Manual for Stu- 
dents in Theology. Containing a Concise History of the Medieval 
Church — the Reformation — the Church of England — the English 
Liturgy and Bible — ^and the XXXIX Articles, with Scripture Proofs 
and Explanations. Intended for those preparing for Theological 
Examinations, with Examination Papers. By a CLERGYMAN. 
18mo., bds., is, 6d. 

NEW TESTAMENT HISTORY; an Analysis of. Em- 
bracing the Criticism and Interpretation of the Original Text. With 
Questions for Examination. By the Rev. W. H. PINNOCK, LL.D. 
Fourth edition. ISmo., bds., 4». 



SCRIPTURE HISTORY ; Analysis of. Intended for Read- 
ers of Old Testament History. With Examination Questions. 
By the Rev. W. H. PINNOCK, LL.D. Seventh Edition. 18mo., 
bds., Z8. 6d, 

ECCLESIASTICAL HISTORY ; an Analysis of. From the 
Birth of Christ to the Council of Nice, a.d. 325. With Examination 
Questions. By the Rev. W. H. PINNOCK. LL.D. Fourth edition. 
18mo., bds., St, 6<f. 

THE HISTORY OF THE REFORMATION; an Analysis 

of. With the prior and subsequent History of the English Church. 
With Examination Questions. By the Rev. W. H. PINNOCK, LL.D. 
Third Edition. 18mo., bds., 4«. 6d, 



A SHORT OLD TESTAMENT HISTORY; or, Scripture 

Facts. With Questions for Schools. By the Rev. W. H. PIN- 
NOCK, LL.D. ISmo., bds., 2«. 
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XXXIX ARTICLES OF THE CHURCH OF ENGLAND; 

Questions and Answers on the. By the Rer. W. TROLLOPE, M.A. 
Third edition. 18mo., bds., 2». 6d, 

PEARSON ON THE CREED; aa Analysis of. With Ex- 
amination Questions. By the Rev. J. GORLE, M.A Second 
edition. 18mo., bds., 4«. id. 

THE ELEMENTS OF MECHANICS AND HYDRO- 

STATICS. With nnmerous Examples. Designed chiefly for those 
who are Candidates for the Ordinary B. A. Degree. By the Rev. 
S. F. WILLIAMS, M.A. 12mo., bds., 5*. 

THE PROBLEMS AND RIDERS set in the First Three 
Days of the January Examination for Cambridge B.A. Degree, 1853, 
with their Solutions. By E. WALKER, M.A., late Fellow and 
Assistant Tutor of Trinity College, Cambridge. 8vo., sewed, 2«. 6d. 

SENATE-HOUSE EXAMINATION PAPERS, (LITTLE- 
GO,) in Old Testament History, Paley's Evidences, Greek Testament, 
and Arithmetic, given in the Lent Terms, 1845, 1846, 1847, 1848, 
1849, 1851, 1852. 12mo., sewed, U, each. 

EXAMINATION PAPERS, Senate-House, in the Acts of 
the Apostles, Arithmetic and Algebra, Euclid, Mechanics and Hydro- 
statics, and Paley's Philosophy ; which have been given to the Candi- 
dates for B.A. Degrees, 1841 to 1848 and 1850. 12mo., sewed, 
Is. 6d. each. 

EXAMINATION PAPERS, Voluntary Theological, as given 
in October, 1843, 1844, 1845, 1846, 1847, 1848, 1849, 1850, 1851, 
1852, 1853, 1854. 12mo , sewed, 6d. each. 

A NEW ANALYSIS OF BUTLER'S ANALOGY. By 
the Rev. J. GORLE, M.A., Rector of Whatcote. In the press. 
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